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ABSTRACT

This report describes the conduct and results of a three phase program
proceeding from the conceptual design of a number of sample handling systems
to the fabrication and testing of two selected engineering prototype systems.
The sample handling systems are capable of acquiring, transporting, process-
ing and transferring small particulate samples to the analytical instru-
ments to be employed within Voyager-class biological capsule configurations
for delivery to the surface of Mars in the 1970 decade. The concepts and
prototype systems consider two basic configurations: (1) samplers capable
of some appreciable deployment distance from a capsule (horizontally deployed
sample acquisition systems) and (2) samplers deployed radially from a bio-
capsule to the surface and subsurface (vertically deployed systems) .

The program proceeded in three phases: (1) conceptual design study phase,
(2) breadboard test fixture, and (3) engineering prototype development phase,
The horizontally deployed sample handling system developed consists of a
rotating wire brush deployed on a telescoping boom containing a combined
pneumatic and mechanical sample transporting and collection mode. Sample
sizing and processing is accomplished by the wire brush during the acquisi-
tion of a soil sample. The transfer of the sample to the analytical instru-
ments can be accomplished by gravity drop stages and/or by omnidirectional
pneumatic tubes or helical screw conveyors. The vertically deployed engin-
eering prototype system is a rotating conical sieve which is dumped by rapid
spinning and vibration caused by an eccentric weight. The sample is sized
both during acquisition and by means of a tilted sieve within the dump
chamber. Transfer of the processed sample is accomplished as described
above. Tests have proved that both samplers are capable of acquiring and
transporting particulate samples individually weighing one gram or more

from a variety of soil models ranging from firmly cemented hardpan through
loose rubble and sand to compacted silt,
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SECTION 1

INTRODUCTION

This report contains the results of a conceptual design study of sample
handling systems and the development of two prototype systems capable of
acquiring and then transporting small particulate samples to instruments
employed within early Voyager-class biological capsules. The work was
performed by Space and Re-Entry Systems Division, Newport Beach Operations,
Philco-Ford Corporation, for the Bioscience Program Division, the National
Aeronautics and Space Administration, over a period of eleven months under
NASA Contract NASW-1065, Supplemental Agreement No. 2. Technical direc-
tion was provided by the Space Sciences Division, Jet Propulsion Laboratory.

1.1 PROGRAM OBJECTIVES AND CONDUCT

Program objectives were basically twofold: to conduct conceptual design
studies of a number of sampling systems from which one or more types of
sample collecting and transporting devices would be selected and to

design, breadboard, develop and test the selected prototype sample handling
systems. By definition, a sample handling system shall include sample
acquisition, transport, processing and transfer devices. System concepts
were to consider two basic types of sample acquiring devices:

(1) Vertically deployed samplers, operating radially
around the circumference of the biocapsule, able
to sample both the surface and shallow subsurface.

(2) Horizontally deployed samplers, capable of operating
an appreciable distance from the biocapsule, that
should be designed to a high degree of sample acqui-
sition and transport reliability,
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The program was conducted in three phases:
(1) Conceptual design study,

(2) Breadboard test fixture fabrication and testing,
and

(3) Engineering prototype design, development and
testing.

The conceptual design study phase was initiated by an evaluation of
previous efforts by others to design and develop general purpose sample
acquiring systems. A literature survey, a seminar attended by Aeronu-
tronic technical specialists, and an analysis of JPL in-house and spon-
sored studies and concepts was conducted. A bibliography is presented
in Appendix A. Thirty-two (32) preliminary concepts, comprising Appendix
B of this report, were presented to JPL representatives at the Preliminary
Design Review Meeting of 6 April 1966. These representatives evaluated
the concepts and designated the eight most promising for preliminary
design treatment. The eight preliminary design layouts are included in
Appendix C. By letter of 20 June 1966, JPL and Aeronutronic mutually
agreed that the following two preliminary designs should be pursued into
breadboard testing and detailed engineering design phases:

(1) Vertically deployed conical abrading sieve and spin
dump concept.

(2) Horizontally deployed rotating wire brush on boom
concept.

During this conceptual phase, engineering studies and parametric analyses
were also conducted on deployable boom configurations and materials,
supersonic jets, pneumatic motors, and gas flow characteristics within
pneumatic transport tubes at ambient and low atmospheric pressures.

The breadboard test fixture phase was actually commenced prior to the
conclusion of the conceptual design phase. A laboratory test setup was
made for the rotating brush concept to obtain some qualitative performance
characteristics. A three segment boom utilizing telescoping aluminum
tubing was fabricated in order to examine extension rates and bending
deflection values when pneumatically extending the boom. The four soil
models stipulated by JPL were collected or manufactured; bins for testing
the conical abrasive sieve were obtained and filled. Breadboard tests of
the rotating wire brush test fixture in rotating wooden bins were con-
ducted to examine floating and fixed head configurations, brush geometry
and power and weight requirements, sample pickup and holding character-
istics, and overall system geometry versus soil surface interactions.

Two pneumatic transport tubes were fabricated from transparent acrylic




material to allow visual observation of particles being transported. One
tube diverged to match the internal dimensions of a telescoping boom; the
other was a constant diameter acrylic tube. In both tubes flow was pro-
duced by a single vaneaxial blower attached to the exit of a cyclone
collector or by the addition of another vaneaxial blower to the entrance
of the tube. Tests were conducted at room pressure and at reduced pres-
sures (to 5 mb) within the NASA-owned Mars simulation chamber. During
this phase final designs of the rotating brush and spin dumped conical
Sieve were initiated and essentially completed.

The final engineering prototype development phase saw the completion of
final design and top assembly drawings, the fabrication of the prototype
samplers and the deployment and sampler transporting accessories, and
their testing on both a subsystem and complete system basis.

1.2 SAMPLE HANDLING SYSTEM REQUIREMENTS AND CONSTRAINTS

The requirements for the sample to be delivered to the biocapsule and the
sample handling system design goals are outlined in Table 1.I, as follows:

TABLE 1.1

SAMPLE REQUIREMENTS AND SAMPLE HANDLING SYSTEM DESIGN GOALS

Sample Requirements System Design Goals
1. Several grams per sample. 1. Weight - approximately 3 lbs.
2. Several samples from several 2. Power - 25 watts for several
different locations, if feasible. minutes maximum.
Maximum particle size - 1000u. 3. Volume - 25 in.3 maximum
4. Minimum particle size - none. 4. Acquisition of surface skin

and subsurface materials,
other than solid rock, to a
depth of several millimeters.

5. Elimination of heat degradation.
6. Elimination of contamination.
7. Elimination of anti-biological

sorting.

In addition to these specific requirements and design goals, the following
factors were considered:

(1) Hardening to impact levels of 2000 to 10,000 g¢.
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(2) Meeting JPL sterilization requirements in accordance
with Voyager specifications.

(3) Operating within a temperature range of -100°F to
150°F.

(4) Penetrating a considerable thickness of impact
absorbing material prior to initial deployment.

(5) Acquiring a sample from a non-gravity oriented
platform.

Finally, deployment mechanisms should be designed for biocapsules having
a maximum radius (spherical) of 3 feet. The handling systems should con-
sider an atmospheric pressure of 5 to 10 mb. For design purposes and
testing media, the following surface material models should be utilized:

(1) Cohesive powder
(2) Cohesionless particulate material (sand)
(3) Hardpan
(4) Loose rubble
1.3 SUMMARY OF RESULTS AND TECHNICAL CONCLUSIONS

This program has resulted in the development of two selected general
purpose prototype sample handling systems. The prototype samplers conform
to the system requirements and constraints stipulated with NASA Contract
NASW-1065, Supplemental Agreement No. 2. The preliminary mechanical
design configuration drawings and the final mechanical configuration
drawings are being furnished in a package separate from this report but
included as if here appended.

The selected vertically and horizontally deployed prototype samples have
been subjected to a parametric series of tests sufficient to demonstrate
their compliance to the performance and reliability goals stipulated by
the contract. The prototype test matrices are included in detail in
Section 4.l. The test program served to debug the prototype samplers and
to establish basic performance criteria in relation to the stipulated
models.

The results of the testing phase of this program lead to the recommendation

that further testing of these prototype sample handling systems is warranted.
These proposed additional tests can utilize both presently available
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prototype equipment and test modified prototypes to further general
purpose sampler technology and to define the specific performance of
prototype systems in the following areas:

(1)

(2)

(3)

)

(%)

Establishing performance in the currently defined
Martian environment.

Expanding the range of soil models in order to
identify the range of materials that can be
effectively collected.

Determining biological effectiveness of the proto-
type samplers.

Conducting non-operating tests to assess the
ability of the sample handling systems to with-
stand sterilization and mission environments and
to determine their working lifetime limit.

Finally, conducting field tests under extreme
natural site conditions.
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SECTION 2

CONCEPTUAL DESIGN PHASE

The purpose of the Conceptual Design Phase of the program was to generate
a number of ideas, and therefrom conceptually design a series of general

purpose sample handling systems capable of supplying small size particu-

late samples to the instruments within Voyager-class biological capsules.
The phase was conducted in three distinct endeavors:

(1) Literature survey and review of techniques
developed by JPL and other workers.

(2) Cooperative definition of test models, pre-ABL
Voyager sampling rationale and evaluation criteria
for rating sampler concepts.

(3) Development of conceptual designs of sample
handling systems.

By definition, a sample handling system should include sample acquisition
device(s), sample transport mechanism, sample processor (if it becomes
necessary to eliminate particles > 1000u or < 1p), and a sample transfer
device (for final delivery to an appropriate container within the bio-
capsule). The sample requirements and operational constraints and con-
siderations for a sample handling system have been described in para-
graph 1.2 and Table 1.1I.

Prior to the actual initiation of this phase during the period 11 September
1965 to 31 January 1966, several meetings were held with personnel from
the Bioscience Programs Division, NASA Headquarters, and from the Space
Sciences Division, Jet Propulsion Laboratory, to define the objectives of an
Automated Biological Laboratory follow-on effort. It was finally agreed




that general purpose sample handling systems suitable for early Voyager-
class Mars landing missions were of fundamental value to the ABL program.
To this end a series of tasks covering the analysis, design, fabrication
and testing of both vertically and horizontally deployed sampling systems
that would conform to general size, weight, power and performance con-
straints were described and embodied in the ABL Study Contract, Supple-
mental Agreement No. 2, dated 17 February 1966.

2.1 PRELIMINARY STUDIES AND DATA ACQUISITION

A literature search was conducted by the Aeronutronic Technical Library
staff. This bibliography and other technical treatises dealing with the
engineering requirements for obtaining and transporting particulate

samples within the Mars environment were reviewed by Philco-Ford design
engineers. A selected bibliography is included as Appendix A to this
report. In conjunction with the literature survey, the geological sampling
techniques under development and concepts under study by the Soil Sampling
Laboratory at JPL under the supervision of Mr. George M. Hotz were reviewed.
Descriptions of pneumatic sampling devices and biologically oriented
techniques developed under Dr. Gerald A. Soffen and Mr. Jerry L. Stuart

of JPL were received by Philco-Ford personnel. Many of these techniques
and modifications thereof are identified and incorporated in the list of
conceptual designs submitted to JPL for review and evaluation and included
within the appendices to this report.

Dr. Soffen and Dr. Douglas B. Nash of JPL defined six representative soil
models and corresponding laboratory test materials that should span the
general ranges of the uppermost surface materials expected to be encoun-
tered on Mars. These models were proposed for testing the sample handling
systems to be developed by this program. Descriptions of the models,
their physical characteristics, mode of formation on Mars, and recommended
test material equivalents are given on Table 2.I. From this list, the
following four surface models were selected and incorporated within the
Supplemental Agreement:

(1) Cohesive powder
(2) Cohesionless particulate material (noncohesive sand)
(3) Hardpan
(4) Loose rubble
The specific requirements and design goals for sampling systems were

outlined in Table 1.I. In addition to these specific items many factors
effecting the design of sample handling systems were to be considered.
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These factors included hardening, sterilization, biocapsule radius, pene-
tration of impact limiting material, and sampling from a sloping platform.
Martian operating environment constraints were twofold:

(1) Temperature range, minus 100°F to 150°F
(2) Atmospheric pressure range, 5 to 10 mb

Although the fundamental objective of pre-ABL Voyager-class sampling
systems is biological, the geological data obtained therefrom will be

of great value; therefore, a general purpose sampler must consider both
areas. To this end a rationale was developed by JPL to guide the concep-
tual design study beyond the letter of the specific requirements, design
goals, constraints and considerations identified in the Statement of Work.
The pre-ABL Voyager sampling rationale is outlined as follows:

I. The basic objective of the pre-ABL Voyager sampling task is
biological sampling; however, as it is recognized that there
are many elements common both to biological and geological
sampling, this task should be concerned with both. The only
exception to the foregoing is that the case of sampling in
solid bedrock, of little or no interest biologically, but
of prime interest geologically, will not be considered in
this effort.

II. For biological sampling it is assumed that:

(A) Particulate material (not solid rock) is of prime
interest.

(B) Surface material is of prime interest, near subsurface
next and deep subsurface least.

(C) 1In the absence of loose particulate matter scraping
and abrading of the solid or cemented surfaces is
desirable.

(D) Comminution of particulate matter is not desirable
as it does not increase the biological content of
the sampler.

(E) Density and size sorting may be desirable.

III. For geological sampling it is assumed that:

(A) Subsurface material or solid rock is preferred to
surface material.
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VI.

(B) In the absence of loose particulate matter scraping
and abrading of solid or cemented surfaces is
desirable.

(C) Comminution of particulate matter may or may not be
desirable depending upon 1) the instrument for which
the sample is intended and 2) whether or not it is
accompanied by sorting.

(D) Density, size, and shape sorting are not desirable,.

Samplers must be simple to enhance reliability; clearly,
any kind of sample is better than no sample.

Samplers, if simple, will also be light, small and low
powered, thus increasing the possibility of sending
multiple samplers for redundancy and/or for covering other
modes of sampling.

Two basic types of samplers will be considered:

(A) Tethered samplers horizontally deployed some distance
from the capsule and employing a 1) flexible tether for
random deployment (wire, rubber tube, etc.) or 2) rigid or
semi rigid tether (boom, etc.). These will probably be
basically surface samplers which may be moved to sweep
a larger sampling surface by:

(1) Flexible tether

(a) Reeling the device in toward the capsule as
it samples.

(b) Providing locomotion at the sampling end by
rolling, crawling, hopping, etc.

(2) Rigid tether
(a) Mechanical (pre-programmed) motion.

(B) Samplers which are fixed to the capsule and deploy
essentially vertically (if at all). These are basi-
cally subsurface samplers, but may also sample from
the surface or the atmosphere. They may be provided
with random or programmed motions along the surface to
increase area coverage or alternately may employ
sweeping devices to bring the sample to the sampler.
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VII. A design goal for the first sampler(s) to be landed on
Voyager missions for which 5 pounds has been mentioned
might be to include at least one of each of types (A)
and (B) since their sampling characteristics are basi-
cally different, as indicated below.

BASIC SAMPLER CHARACTERISTICS

TYPE A TYPE B
Deployed (horizontally from capsule) Undeployed (horizontally) (or
Sampler limited deployment)
Sample size small larger
Source of sur face to a very surface to an appreciable depth
sample limited depth below below the surface
Area sampled may be appreciable rather limited
Susceptibility may be so great as much less affected
to wind completely to preclude
obtaining sample
Effect of would tend to be less may preclude obtaining any
obstructions sample
on sampling
capability

From the above it may be seen that one prime reason for not employing a
type (A) sampler exclusively is its vulnerability to wind, and the reason
for not employing only a type (B) sampler is the likelihood of its being
rendered inoperative by obstructions.

In order to evaluate the sample handling systems conceived under this
study phase, JPL developed a performance criteria rating questionnaire.
The individual items composing the questionnaire were derived from the
rationale which outlines the known and theoretical Martian environment,
design goals and system constraints. The initial questionnaire was modi-
fied somewhat to include some additional engineering criteria and a
numberical rating system was introduced wherein each performance factor
was weighted on a 0 to 4 basis, The final sampler performance evaluation
criteria list follows.

SAMPLER PERFORMANCE EVALUATION CRITERIA

Overall System Performance

1. Probable Performance in JPL Soil Model 1.
2. Probable Performance in JPL Soil Model 2.
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. Probable Performance in JPL Soil Model 3.
Probable Performance in JPL Soil Model 4.
Probable Performance in JPL Soil Model 5.
Probable Performance in JPL Soil Model 6.
. Sensitivity to Surface Configuration.

. Sensitivity to High Wind.

O 00 N o U bW

. Sensitivity to Frozen State of Surface Material.

10. Sensitivity to Precise Sampler Orientation.

11. Sensitivity to Gravity (Orientation and Magnitude).

12, Sensitivity to Atmospheric Pressure or Composition.

13. Sensitivity to Partial or Incomplete Deployment.

14. Sensitivity to Retrieval or Retraction for Acquiring Sample.
15. Ease of Attaining Significant Area Coverage.

16. Ease of Deployment Beyond Landing-Effected Zone.

17. Ease of Redeployment for Multiple Sample Coverage.

18. Ability to Discriminate Soil Properties.

Sensitivity of Probable Mechanization to Expected Environment

11. Sensitivity to Sterilization Procedures.

2, Sensitivity to Pre-Launch Ground Handling.

3. Sensitivity to Launch and In-Transit Environment.

4. Sensitivity to Entry and Landing Environment.

5 Sensitivity to Surface Operating Environment:
Temperature and Temperature Gradients.
Atmospheric Pressure.

c. Atmospheric Composition.
d. Wind (Dynamic Pressure).

e. Blown Dust.

Quality of the Sample

1. Probable Size of Sample.
2. Probable Upper Limit of Particle Size.

3. Probable Lower Limit of Particle Size.
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Probable

Probable Bias in Sample According to:
a. Particle Size (Sorting).

b. Density (Sorting).

c¢. Shape (Sorting).

d. Composition (Sorting).

e. Location (Depth).

Sample Modification:

a. Mechanical.

b. Thermal Degradation.

c. Chemical Contamination.

Sampler Physical Characteristics

1.

[« NN O ) B - N OV N ]
. .

Probable Sampler Size.

Probable Sampler Weight.

Probable Instantaneous Electrical Power Required.
Probable Total Electrical Energy Required (Per Sample).
Simplicity Rating.

Sensitivity to Close Tolerances of Alignments.

Sampler/Capsule Integration

1.
2.

Ease of Storage.

Ease of Deployment;

a. From Capsule.

b. Through Impact Limiter.

Probable Capsule Damage:

a. Mechanically During Deployment.

b. By Vibration or Impact During Operation.

c. By Electrical or Radio Interference.

d. By Chemical Contamination (Electrical Overheat, etc.).
Ease of Sample Extraction from Sampler.

Probable Sampler Failure Diagnosis by On-Board Imaging System.

Probable Sampler Failure Repairability or Correctability.

2-8




2.2 SAMPLE HANDLING SYSTEM CONCEPTS

The development of ideas for sample handling systems was initiated by a
Technical Specialty Seminar held at Aeronutronic on 16 February 1966. The
seminar was conducted for the purpose of informing a wide spectrum of in-
house individual disciplinary specialists about the ABL sampling program
and to elicit from them suggestions and comments concerning sampling and
handling methods from the viewpoint of their various specialties. The
attendees consisted of responsible senior personnel representing the
scientific and engineering disciplines of biology, geology, space physics,
mechanical engineering, engineering mechanics and instrumentation. Many
suggestions and basic concept variations and modifications resulted from
this meeting.

A standardized format was developed for recording the more pertinent

sample handling systems concepts generated during the study phase of the
program. All of the concepts presented to JPL for initial review and
evaluation were drawn and described on this form. The original conceptual
designs, recorded on this standard format which illustrates the concept by
means of a three-dimensional sketch and provides explanatory notes including
supporting requirements (deployment mechanism, sample transport device and
sample processing method), operational characteristics (weight, volume,
power, operational simplicity and operation), estimating quality of sample
(size range, bias and sample degradation characteristics), overall per-
formance estimate (re soil models and Martian environmental properties),
and reference data (source of original idea), are reproduced in Appendix B.

A total of 50 sample handling system concepts were generated during the
course of the conceptual design phase. Since by definition, a sample
handling system consists of sample acquisition, transporting, processing
and transferring devices, each concept will include specific examples of
each type of device. Each type of device can be classified according to
its primary mechanical principle and the concepts listed according to
their design conformity to a mechanical principle or as an alternate con-
figuration of a basic design. Tables 2-II to 2-V break down the subsystem
components per this type of classification and designate the components
- used per concept by the concept identification numbers appearing in
Appendix B as follows:

Table 2-II Sampler Deployment and Retrieval Concepts
Table 2-III Sample Acquisition Concepts
Table 2-IV Sample Transport Concepts

Table 2-V Sample Processing and Transfer Concepts.
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The total number of concepts deemed worthy of preliminary design treatment
numbered 40 (denoted by asterisks on Table 2-III). A total of 32 prelim-
inary conceptual designs were submitted to JPL for evaluation and rating.
These 32 designs are presented on standardized formats in Appendix B.

The preliminary design review was held at JPL on 22 March 1966. 1In
attendance were:

JPL Aeronutronic
G. Bastien E. A. Howard W. H. Bachle
C. F. Campen H. R. Lawrence D. H. Garber
J. A. Dunne D. B. Nash T. W. Neumann
A. G. Ford G. A. Soffen
H. Ford J. L. Taylor
G. M. Hotz

At this meeting Aeronutronic was requested to make a preliminary recom-
mendation of the sample handling systems deemed most worthy of continued
investigation. Aeronutronic personnel recommended four classes of sampler
concepts because one or more of the subsystem components within each con-
cept showed promise of producing significant improvement in the perfor-
mance of unmanned automated sampling systems. These recommended concepts
included:

Vertically Deployed Horizontally Deployed
1. Superpressure aerosolizing head 3. Boom deployed rotating abrading
employing: head employing:
a) Flexible deployable seal, a) Spherical abrading sieve and/or
b) Supersonic eroding jets, b) Wire brush

c) Surface agitation by rotating

wire brush. 4. Self-deploying pneumatic sampling

tube employing:
2. Conical abrading sieves (con-
sidering several alternate
configurations).

a) Pressurized batch or continuous
particle transport, and

b) Crawling clamshell head, or

c) Powered burrowing aerosolizing
head.

On 8 April 1966, a program review meeting was held at Aeronutronic, JPL
representatives, G. M. Hotz and E. A. Howard, listed the preliminary con-
cepts itemized on Table 2-VI as having the highest evaluation scores on
the performance criteria rating questionnaires judged by the JPL concept
evaluation team.
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TABLE 2-VI
JPL EVALUATION OF AERONUTRONIC SAMPLING SYSTEM CONCEPTS

Score (Based on 0-4 Point Rating Basis)

Type A Type B
Concept Horizontally Vertically
No. Description Deployed Deployed
*1A Aerosolizing jet (Litton) 686 VIII
2A-2 Superpressure aerosolizing 768 VI
head
*3A Rigid helical screw 816 v
3B Flexible helical screw 787 \
*5A Back hoe (Surveyor) 727 VII
5B-2 Clamshell scoops 777 VI
5D Rotating scoop/ 862 I
vibratory feed
6A Plug sampler 827 ITI
7A Rotating wire brush 796 v
*8A Cylindrical abrading sieve 844 II
8B-1 Conical abrading sieve 830 II
8B-2 As above with spin dump 769 v
8C Spherical abrading sieve 880 I
8D Abrading disk 843 III

*Under development by JPL, in-house or contract.

The specific samplers under development by JPL were then omitted from the
list and, in view of the recommendations of Aeronutronic, the following

8 preliminary concepts were scheduled to be carried through preliminary
design stages:
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Concept Relative Rank (1 - Highest)

No. Description Type A Type B
2A-2 Superpressure aerosolizing head 5
5D Rotating scoop/vibratory feed 1
6A Plug sampler 3
7A Rotating wire brush 3
8§B-1 Conical abrading sieve 2
8B-2 As above, spin dumped 4
8C Spherical abrading sieve 1
8D Abrading disk 2

Another design review was held at Aeronutronic on 4 May 1966. The
following personnel were in attendance:

JPL Aeronutronic
G. Bastien W. H. Bachle
A. G. Ford D. H. Garber
G. M. Hotz W. Hostetler
E. A. Howard T. W. Neumann

As a result of this design review, JPL indicated by letter dated 13 May
1966, that the following four preliminary designs be pursued in greater
detail: ' ‘

Concept
No. Description Type
5D Rotating scoop/vibratory feed B Vertical deployment
7A Rotating wire brush A Horizontal
8B-2 Conical abrading sieve/spin dump B Vertical
8C Spherical abrading sieve A Horizontal deployment

Continued parametric studies and detailed design factors led Aeronutronic
personnel to recommend two principle concepts for prototype design and
development at the final design review meeting held at Aeronutronic on

15 June 1966. This meeting was attended by G. M. Hotz and E. A. Howard of
JPL, and W. H. Bachle, D. H. Garber, W. Hostetler and R. S. Kraemer from
Aeronutronic. The following two principle concepts proposed by Aeronu-
tronic conform to contractual requirements, for one is of Type A (hori-
zontally deployed) and the other, Type B (vertically deployed).
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Type A Concept 7A Rotating wire brush

Type B Concept 8B-2 Spin dumped conical
abrading sieve

Concurrence with this recommendation by Aeronutronic personnel was
received in a letter from JPL dated 20 June 1966. Coincident with the
receipt of this letter, the breadboard test fixture fabrication program
was launched.

2.3 PARAMETRIC SUBSYSTEMS STUDIES

During the Conceptual Design Phase, engineering design studies were con-
currently carried forth on three accessory subsystems: boom deployment
devices, supersonic nozzle configurations, and pneumatic motors.

2.3.1 DEPLOYABLE BOOMS

When considering a system for deploying a sampler to some horizontally
removed spot on the surface from a landed payload, mechanisms which can

be compactly stowed and yet achieve some reasonable length are desired.
Mechanisms which are suggested are booms of various types such as
expandable trusses, inflatable structures, telescoping cylinders, and the
more sophisticated furlable tapes which can be uncoiled from a drum to form
a tube. For this study the telescoping cylinders and the furlable tape
appeared to offer the best prospects for developing a deployable boom that
could achieve some reasonable horizontal range for a minimum of weight with
design simplicity and operational reliability. The parametric study was
conducted in order to obtain a quantitative assessment of some of the
characteristics of a tubular boom.

The analysis progressed in steps. First, the mechanism of extension was
ignored so that the geometric and physical variables could be investigated
in terms of strength and weight. These give basic boom characteristics.
The assumption is made that the wall thickness of the telescoping boom is
thin enough so that the results obtained for a constant diameter tube are
sufficiently accurate. This assumption is valid only so long as the wall
thickness is small with respect to the tube diameter and the number of
telescoping elements are small. The diameter in this case is considered
to be the average diameter. Second, the differences between telescoping
booms and furlable booms are explored to determine their relative merit

and finally some preliminary design aspects for the furlable boom are
deployed.

The first consideration to be made in a structure such as a deployable
boom is the type of material that should be used and its compatibility
with dry heat sterilization, biological contamination requirements, and
structural strength, The basic materials considered in this study are

identified in Table 2-VII along with their pertinent physical character-
istics,
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TABLE 2-VII

PHYSICAL PROPERTIES OF REPRESENTATIVE BOOM MATERIALS?

e)

Material E _c E/c P
Phenolic Fiberglass®  4.81 x 10° 47500 101 .065
Beryllium/Copper 19 x 106* 120000 158 .290
Magnesium AZ31B 6.5 x 106 12000 540 .065
Steel PH 15-7 Mo 30 x 108 185000 162 .290

*Reference 8

These materials do not represent all possible candidate materials but
cover a sufficiently broad spectrum to develop meaningful parametric
data.

The first comparison which can be easily made is to determine the specific
boom length for the various material densities as a function of tube
diameter and wall thickness. Specific length is here defined to mean the
length of boom which can be constructed per pound of material used. This
data is presented in the family of curves shown in Figure 2-1 for mag-
nesium and fiberglass and Figure 2-2 for steel and beryllium/copper. In
examining these figures it is seen that very long tube lengths can be
achieved for very low weights; however, structural strength limitations
will probably require that the heavier wall tubes will be used as well

as larger diameters. Boom lengths up to 20 feet long are possible for

a weight expenditure of one to five pounds. The specific length is seen
to decrease rapidly with increased tube diameter but eventually approach

a minimum value asymptotically. 1In the size range of probable interest
with tubes one to two inches in diameter and wall thickness of .010 to .020
inches, it is seen that the proper selection of tube diameter is not as
critical as is that of wall thickness and material density.

In order to assess the strength limitations for a deployable boom, some
form of loading must be assumed. This loading consists of the distri-
buted loading of the boom along its length due to the structure and the
concentrated load that the boom is expected to deploy. 1In this case the
concentrated load is a soil sampler which for the sake of conservatism is
assumed to be 5 pounds earth weight. The assumed loading with the
associated shear, moment, slope, and deflection diagrams are shown in
Figure 2-3. The parametric data were calculated using earth gravity
rather than Mars on the premise that the sampler system must be capable
of operating on earth in order to be tested and checked out prior to
flight. This will provide a safety factor in the flight hardware which
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is proportional to the ratio of the gravitational acceleration for earth
to Mars which is 2.67. The bending stress is §iven by o = MC/I and the
moment at any point x is given by M, = Py + Wy“/2. Substituting the
maximum value of the moment, which occurs at x = £, and the allowable
bending stress 0., an expression can be obtained for the maximum allowable
boom length. This expression is

S I S
mdtp -— p Tidtp

which was used to calculate the allowable boom length in terms of the
allowable bending stress and boom geometry.

In addition to determining the allowable boom length based on the allow-
able bending stress of the material, the allowable buckling stress must
be considered for thin walled tubing. The critical bending moment is
given by the expression Mcr = k(E/1 - u rt? taken from reference 1. The
constant k can vary from .72 to l.1l4; however, the theoretical value of
.99 can be used for long tubes with sufficient accuracy. Families of
curves relating deployed length as a function of tube diameter for
various wall thicknesses were calculated based on the material allowable
bending stress. These are shown for phenolic fiberglass in Figure 2-4,
for beryllium/copper in Figure 2-5, and for PH 15-7 Mo stainless steel
in Figure 2-6. The point at which the buckling or crippling stress
becomes equal to the allowable bending stress of the material is deter-
mined by setting the ratio of the critical crippling moment to the
allowable bending moment equal to one. This yields the expression

M

cY E 2 c k Et
— = k 2 rt ¢ — = —— = = 1.
M 1 -u ol n(l - uz) or
. . . . _ kt E
Solving for the tube diameter yields the expression d = — % 3
2l - o)

The diameter calculated in this manner identifies the point at which the
crippling stress is equal to the allowable material bending stress.

This can be referred to as the critical crippling diameter. These
critical diameters are tabulated in Table 2-VIII.
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TABLE 2-VIII

CRITICAL CRIPPLING DIAMETER FOR TUBES IN BENDING

t = .005 t = .010 t = .015 t = .020
| Phenolic Fiberglass .35 .7 1.06 1.41
¢ Beryllium-Copper ’ .55 1.11 1.66 2.21
_PHL5-7Mo Steel .57 1.13 1.70 2.26

These values are cross plotted on Figures 2-4 through 2«6 as the dashed
line. For the purposes of this study, it was assumed that useful boom de-
signs should avoid the region of failure by crippling in the interest of
achieving higher structural reliability. From this parametric data it is
seen that boom deployment lengths of 20 feet are possible with realistic
combinations of wall thickness and tube diameter., Using the critical
crippling points on each curve and the specific tube length data, a final
ploit relating minimum boom weight as a function of deployed length is
derived and presented in Figure 2-7. From these data it is seen that
fiberglass is most desirable as a boom material based on strength charac-
teristics. It should be remembered at this point that these represent
minimum weights based on a strength criteria. Operational constraints may
very well impose a deflection criteria which may be more severe, par-
ticularly for long deployment lengths.

A consideration of the effect of surface winds on the allowable deployed
length should be made. The term Tdtp is the distributed load, w, per unit
length., The expression previously derived for allowable length can be
modified to account for wind loads by adding the wind load to the distri-
buted load. The expression for the allowable boom length now becomes

2 2
L = -P + 7d~ to +( P -
W+ W 2(w + W) W+ w

where W is the added load due to wind. This assumes that the wind is
acting in the same plane as the body loads of the boom, which means the
wind would be blowing vertically downward. This is not a probable condi-
tion but will yield conservative results while simplifying the calculations.
A maximum wind velocity of 500 feet per second was assumed. This value
should be sufficiently high to cover the most severe gust conditions that
have been predicted. The model 3 or 10 millibar atmosphere given in

TN D-2525 was used in these calculations. This results in a dynamic
pressure of 50.5 pounds per square foot which is equivalent to a wind
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velocity in an earth atmosphere of 67 feet per second or 46 miles per hour.
This is converted into an equivalent loading on the boom by calculating
the drag force on a cylinder. At moderately high Reynolds numbers, the
drag coefficient for a cylinder is 1.2. From this the effective wind load
is calculated using the expression

1 2
vo= 3 pSCH v = qCDd

per unit length of the boom. The allowable tube length in a wind is shown
in Figure 2-8 for phenolic fiberglass, Figure 2-9 for beryllium/copper,

and Figure 2-10 for PH 15-7 Mo steel. Comparing these figures with Figures
2-4 through 2-6, it is seen that the allowable deployed length is con-
siderably reduced from approximately 20 feet to 10 feet for the same tube
geometries. It should be noted here that this analysis is based on a

static loading which will probably not be true in the real case. A cylinder
in a wind can shed vortices alternately from one side and then the other
which will act as a dynamic forcing function on the boom. Should resonance
occur, this could result in destruction of the boom. The dynamic action

of the boom in a high wind or in gusts can only be verified by wind tunnel
testing. The severe wind condition calculated here is probably unrealistic
as an actual design criteria; however, it does serve to identify the upper
limit of the effect of wind on the deployable length of the boom. The
degradation in deployed length was not as severe as might have been expected
for such a high wind velocity.

In either a telescoping boom or a furlable boom design, torsional strength
will suffer because of the sliding joints in a telescoping boom and because
of the open tube section of the furlable boom. The allowable torsional
moment for an allowable shear stress of 40,000 psi is shown in Figure 2-11.
In the range of tube sizes from one to two inches in diameter, the allow-
able torque varies from 1200 inch pounds up to 5000 inch pounds for an

.020 wall thickness. For most surface sampling systems the strength
requirement will probably not exceed one percent of these values. Thus,

it is reasonable to expect that the cylindrical segments of a telescoping
boom can be keyed together to provide sufficient torsional strength.
Likewise, restoring this degree of continuity to a furlable boom should be
feasible. In fact, some designs incorporating interlocking teeth along the
open edge of the tube have been made by others.

As mentioned previously, the bending deflections for a highly optimized
boom could become the most severe design criteria. The tubular boom
deflections were calculated for earth gravity conditions using a one pound
weight on the end of the boom. Families of curves for various tube
diameters and wall thickness were generated. The deflection character-
istics for phenolic fiberglass is shown in Figure 2-12, for beryllium/
copper in Figure 2-13, and for PH 15-7 Mo steel in Figure 2-14. It is seen
that the deflection increases rapidly as the deployed length increases.
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Since the amount of deflection that can be tolerated is directly related to
the constraints imposed by the intended operation of the boom, it is
impossible to say what deflection is acceptable in a parametric study.
Intuitively, a maximum deflection of 10 inches would appear to be a
reasonable limit. If this is applied as a criteria, it is seen that the
phenolic fiberglass boom is limited to a deployed length of 10 to 15 feet
and the beryllium/copper and steel is limited to a length of 20 feet. It
should be borne in mind that the magnitude of the deflection can be

reduced at the expense of increased weight and stress level. The deflec-
tions that would be experienced on Mars would be reduced from those experi-
enced on earth by the ratio of Mar's gravitational acceleration to earth's
gravitational acceleration which is about .38. The minimum boom weight as
a function of deployed length was determined for steel, fiberglass, and
beryllium/copper and is shown in Figure 2-15. A limiting deflection of .
10 inches was assumed when a concentrated load of one earth pound is applied,
at the tip of the boom. These minimum weights should be viewed with some
reservations. One is that this weight is the weight of the tube only.
Additional weight will be required to support the end of the boom, for
fittings, and for deployment mechanisms. The other reservation is that
many of these minimum weights are achieved with unrealistically thin

tubes. These weights will probably not be achievable due to limits imposed
by fabrication methods; however, this analysis establishes the feasibility
of achieving a horizontal range of 20 feet with a deployable boom for a
weight under 5 pounds.

A deployable boom design can be achieved by using either telescoping tube
elements or furlable tapes. The relative advantages and disadvantages are
listed in Table 2-IX.

TABLE 2-IX

RELATIVE MERIT OF DEPLOYABLE BOOM TYPES

Telescoping Cylinder Furlable Boom
Advantages: Advantages:
1. Higher strength because of 1. Eliminates multiple parts and
closed tube section. sliding joints.
2. Can be deployed pneumatically. 2. Easily deployed and retrieved
by motor-driven system.
Disadvantages: Disadvantages:
1. Two-way action is more 1. Lower strength because of open
complex. section. Wall thickness limited.
2. Weight penalty at sliding 2. Volumetric packing efficiency
joints. may be less.

3. Reliability at sliding joints.
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The furlable tape boom seems to have a qualitative advantage from the
standpoint of simplicity and reliability if low strength can be tolerated.
If a high strength boom is desired the telescoping boom must be used.

Some of the design features of a high strength furlable tape boom were
evaluated and will be discussed in the following paragraphs. Such a boom is
conceived as a tape preformed to a round tubular shape slit along one

edge. In storage the tube is flattened and wound on a drum. In this oper-
ation the deformations must remain in the elastic range; i.e., no yielding
shall occur. The drum is driven by a motor to control deployment and
retraction. It should be noted that strain energy is stored during
retraction which is available to aid in deploying the boom.

The fundamental variables involved in predicting the allowable geometric
proportions are modulus of elasticity E, tube diameter d, wall thickness t,
and storage drum diameter D. The conditions which exist in first flattening
and then rolling the tape on a drum are shown in Figure 2-16.

FIGURE 2-16. TAPE FLATTENING AND ROLLING CONDITIONS

The flattening can be accomplished by applying a moment Mg along the edge
of the tape. A moment Mp applied to the end of the tape rolls it onto the
drum. The stresses acting in the tape are transverse stresses oy and
longitudinal stresses Oy. The stress due to flattening the tube is given
by

€ E
X

Ox = -————15 (1)
1 -y

and
MheE_E

0y=_X2 (2)
1-u
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These stresses are tensile on the surface which is the inside of the tube
and compressive for the surface which is the outside of the tube. The
stress due to rolling the tube on a drum is given by

€ E
y 1 -p
and
we E
g = —3X (4)
X 2
1 -4

From reference 4, the strains due to bending in each direction are related
to the tape geometry by

t t
€ = = = = (5)
X 2RT d
and
t t
€ = — = -, (6)
y 2RD D

The terms Rp and Rp are the initial tube radius and drum radius respectively.
Two different sets of conditions for combining the stresses given in equ-
tions (1) and (3) can be encountered depending on how the tape is wound on
the drum. When the tape is forward wound, the surface which was the inside
of the tube becomes the inside of the roll on the drum. When the tape is
backward wound the surface which was the inside of the tube becomes the
outside of the roll on the drum. The expressions for strain given in
equations (3) and (4) are substituted into equations (1) and (2) so they

can be combined for the two conditions of storage on the drum.

When the tube is backward wound, the surface which was the inside of the
tube becomes the outside of the roll. Thus, the bending stresses pro-

duced by rolling add to those produced by flattening resulting in a
transverse stress given by

: £ _ : d
x 2a”t 2D uzci(l”'“n) 7
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and a longitudinal stress given by

_ t t__E t d
°% = za” 7D 73 G+ - (8)
1 - 1 -4 1 -4

Reorganizing equation (8) yields the following relation:

D d
4 _ B _d** g 1*Hp .
t o 2D o 2,
x (1 - u7) 3 x (1 - u)

This is the expression given by F.P.J. Rimrot in reference 3 for determining
the allowable tube geometry when Oy is set equal to the desired allowable
stress of the material the tape is made from. A similar expression can be

obtained from equation (7) in terms of the longitudinal stress Gy as given
by
d
d E DM
T oo, T, I (10)
Yy (1 - )

In a similar manner, when the tape is forward wound the inside surface of
the tape becomes the inside surface of the stored roll. In this case the
bending stresses produced by winding subtract from those produced by
flattening resulting in the expressions

1 -4 d
X1 -u)
and
Q-u
Tt e (12)
y (1 - uh)

Typical stress variations using the preceeding equations are shown for back-
ward winding in Figure 2-17 and for forward winding in Figure 2-18. These
curves were derived by always setting the critical stress to the allowable
value of the material by adjusting the d/t ratio as required.
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It is interesting to note that in both cases the transverse and longitudinal
stresses are equal when the tape is rolled on a drum of the same diameter

as the tube. Most commonly the drum diameter is larger than the tape
resulting in a d/D ratio between zero and one. Under these conditions

the transverse stress due to flattening becomes the critical design stress.

The allowable combinations of geometry such as tube diameter, wall thickness,
and drum diameter are in both the backward winding and forward winding

cases determined by the transverse flattening stress as long as the drum
diameter is greater than the tube diameter, d/D < 1l. For drum diameter less
than the tube diameter, d/D > 1, the longitudinal stress becomes critical.
The rate at which the stowage stresses increase are also greater for

d/D > 1 which indicates that these combinations should be avoided. For
backward winding the stowage stress increases as the drum diameter decreases.
Thus, the flattening stress determines the allowable tube diameter and wall
thickness only for a drum with an infinite radius. As the drum radius
decreases, the stowage stress becomes the critical factor which determines
the allowable geometry. For a forward wound tube, the stowage stresses
decrease as the drum diameter is reduced until a minimum is reached when

the drum and tube are equal in diameter. As the drum is decreased in size
below the tube diameter, the stowage stresses increase until they again
equal the flattening stress when the drum reaches a size determined by
Poisson's ratio, d/D =1 + p. These relationships are graphically shown

in Figure 2-19 for a typical material. The fact that the stowage stresses
are less than the flattening stress cannot be utilized to reduce the d/t
ratio allowable since they are arrived at sequentially. The flattening
stress must always be endured before the stowage stresses are imposed.

The primary benefit of forward winding is that a minimum size drum can be
used up to the critical value determined by the Poisson ratio of the
material.

In reference 3, F.P.J. Rimrot indicated that an optimum drum to tape
diameter ratio occurred at a value of 3.33 which would yield a minimum

d/t ratio. By examining the stress equation (12), it is seen that this

is the point of minimum stress for o, the longitudinal stowage stress.
This occurs when d/D is equal to Poisson's ratio u which reduces this
stress to zero. This is the point at which the critical stress produced

by winding on a drum equals that produced by flattening the tube. As was
previously pointed out, these stresses are experienced sequentially so

that if a design were to utilize this minimum d/t ratio yielding would
occur somewhere between flattening and winding the tape on the drum. Sub-
sequent unfurling of the tape would result in a tube with a larger diameter.
Thus, the d/t ratio would adjust itself to the proper value. The allowable
combination of d/t and D/d ratio were plotted and compared to the data in
reference 3. This is shown in Figure 2-20. Perfect agreement is achieved
for backward winding but not for forward winding. No explanation for the
differences shown for forward winding could be discovered.
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Figure 2-21 summarizes the allowable geometric combinations for the three
basic materials investigated in this study. It is seen that fiberglass
produces the lowest allowable d/t ratio for a given d/D ratio. This means
that the thickest walled tube for a given tube and drum diameter can be
achieved with the fiberglass. This is desirable from the standpoint of
achieving resistance to buckling. As was shown earlier in the parametric
analyses, fiberglass also will result in a minimum weight boom for a given
deployed range. Whether or not this apparent advantage of fiberglass can
be realized will depend on developing fabricating techniques and testingit
as a furlable tape.

A preliminary design concept utilizing the furlable tape concept was
generated and is shown in Figure 2-22, This boom concept was generated
for the spherical abrading sieve sampling concept 8C included in Appendix
B. The operational sequence of the furlable boom is given by Table 2-X.
It is assumed that only a command is required to initiate action and only
one motor is used to drive all motions. It is also assumed that the boom
starts in a stowed position from which it is required to rotate in a
horizontal plane and elevate in a vertical plane before deployment begins.

TABLE 2-X
OPERATIONAL SEQUENCE

1. Initiation command.

2. Rotate boom in horizontal plane to align it along a radial
line outward from the payload center.

3. Elevate to 45° from horizontal. This may occur simul-
taneously with step 2.

4. Extend boom to maximum length.
5. Reduce elevation until contact with surface is achieved.

6. Initiate sample collection and radial traverse of + 30°
as well as retraction of the boom.

7. Elevate boom to 45° and complete retraction when geometrical
limits or time limits dictate termination of sampling.

The operational sequence outlined in Table 2-X suggests several additional
mechanizations. The initial elevation and rotation may be spring driven
because it is a single event. The + 30° radial sweep can be continuously
acting. A slip clutch can be incorporated to protect the boom from
failure by lodging against obstacles. Limit stops will be necessary to
keep the boom within the + 30° excursions after slipping. By combining
extension and upward elevation, retraction and downward elevation can be
achieved with the same gear train without commands or actuating clutches,
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A slip clutch on the elevation mechanism is required to provide a constant
force between the end of the boom and the surface. Under the assumption
that deployment to a distance of 20 feet requires one minute, then the
rotational speed of the drum is N - 240/6 = 40 rev/min.

In order to regain some degree of torsional strength, this design proposes

to use to furlable tapes that fold around one another as shown in Figure
2-23.

FIGURE 2-23. CROSS-SECTION THROUGH DOUBLE FURLABLE TAPE

This configuration will make the shear center and geometric center of the
tube coincide. This configuration depends on the friction forces between
the two tubes to restore torsional strength. Techniques such as embossing
the surfaces so that some mechanical interlocking occurs could be used to
achieve higher torsional strength. For this design a tube diameter of

1.5 inches with a wall thickness for each tape of .0l0 inches was used
with a D/d ratio equal to one. For this geometry a flattened tape width
of 4.75 inches is required. To estimate the loaded drum size, a boom
length of 20 feet was assumed. This added .5 inches to the drum radius
resulting in an overall drum size of 2.5 inches diameter and 4.75 inches
long. These are rather large drums, but the specific packaging and opera-
tional requirements will determine whether the size is objectionable. It
is pointed out in Figure 2-22 that a third smaller furlable tape is mounted
concentrically with the boom tapes. The intent here was to explore the
mechanization of providing a smaller diameter pneumatic transport tube if
such were found to be desirable. In order to provide a reasonably air
tight tube, this tape is wide enough so that it can fold around itself as
shown in Figure 2-24.

FIGURE 2-24. CROSS-SECTION OF PNEUMATIC TRANSPORT TUBE
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A furlable tape of this configuration has been manufactured by DeHavilland
of Canada. A tube diameter of .5 inches with .001 wall thickness on a one
inch diameter drum is assumed. This results in a tape width of 3.8 inches
which is compatible with the larger boom tapes. As shown in Figure 2-22,
all three tape drums are driven through a spur gear train. Since the large
tapes are thicker and are wound on a larger drum the deployment rate for
these tapes is different than for the smaller tape. The feed rate for the
larger tape starts at 7.85 inches per revolution with a full drum and
terminates with a feed rate 4.72 inches per revolution for an empty drum.
The corresponding feed rate for the small tape is 3.19 inches per revo-
lution and 3.14 inches per revolution. A two to one gear ratio can be used
to drive the small drum. This will make the average values of feed rate
correspond; however, they cannot be made to correspond exactly over the
entire range of deployment. This is shown in Figure 2-25. It is seen

that the larger tape deploys more rapidly initially and more slowly at the
termination of deployment. This can be compensated for by spring mounting
the small tape drum on its shaft. This will allow relative rotation of the
tape drum to its shaft thereby allowing the smaller tape feed rate to
adjust to that of the large tape. If an initial preload is provided in
this spring mounting, the small tape will always be in tension which would
be desirable from the standpoint of stabilizing it and preventing it from
buckling. The tension will build up to a maximum at the midpoint of
deployment and then reduce to a minimum at the end of deployment. This

is shown schematically in Figure 2-26.

It is apparent that if no development problems occur in fabricating the
tapes themselves, this concept could be much simpler than a pneumatically
deployed telescoping boom and hence more reliable.

To terminate the study effort on deployable booms, an attempt was made to
find out if deployable booms suitable for deploying a soil sampler were
currently available from an outside source. It was for this reason that
on 1 June 1966, W. H. Bachle and D. H. Garber made a trip to San Diego to
investigate the application of furlable booms developed by General
Dynamics/Convair and Ryan Aeronautical Company. The booms being fabri-
cated at General Dynamics/Convair were developed for use as satellite
gravity gradient stabilization devices. Their minimal structural strength
requirements rendered them unfit for general purpose early Voyager-class
sample handling system utilization. The furlable booms being developed at
Ryan are directly applicable to the sampler deployment problem. Ryan's
boom elastically returns to shape because it utilizes a closed cross-
section with good rigidity in both bending and torsion. The tape is
fabricated from two thin strips of metal seam-welded at both edges and
preformed to close into tubular shape as it unwinds from a drum. Compared
to a de Havilland furlable tube, this boom will need a larger sized drum
and more retracting power. Ryan engineers estimated that approximately
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FIGURE 2-26. SCHEMATIC DIAGRAM OF PNEUMATIC TAPE TENSILE
FORCE VARIATION

four months would be required to design and fabricate a furlable boom to
meet the sample deployment subsystem requirements. This schedule was not
compatible with ABL schedules. Since Ryan does not manufacture the tape
as a commercial item, it did not appear practicable to use it at that time
for the ABL sampling program.

2.3.2 PNEUMATIC MOTORS AND COMPRESSORS

Early in the conceptual design studies it appeared that information on the
tradeoffs between weight, volume and efficiency factors for electrical
motors and pneumatic motors powered by stored compressed gas or by an
atmospheric compressor would be desirable. The application of electrical
motors within the stipulated power constraint would require high rpm low
torque motors with gear reduction trains. The power output, efficiency
and reliability of these systems for extra-terrestrial use are well docu-
mented. A multiple cylinder pneumatic motor can produce high torque at
very low rpm. In this case a gear reduction train may be completely
eliminated and the efficiency and reliability of the system markedly
increased. For sample handling system purposes, these factors are of
utmost importance. ' Certain complexities are introduced into a pneumatic
system, however. These have to do with the positioning of compressed gas
tanks and for the pneumatic tubing leading from centrally located tanks or
compressor station.
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A minimum effort study was undertaken to define the geometry, power output,
and flow requirements of multiple cylinder air piston motors. The appli-
cation of this type of motor as a compressor was also investigated. From
these data, a comparison between electrical and pneumatic motors in terms
of power supply relative to weight can be derived.

In designing an air piston motor for Martian sample handling system use,
the following assumptions are made:

(L)

(2)
(3
(%)

5)

A combined cycle, as shown in Figure 2-27, is used
to estimate work.

The crank arm r is equal to the cylinder radius d/2.
Nitrogen is used as a working fluid.

Clearance volume is determined for X, equal to five
percent of the stroke (.1 r).

A minimum length connecting rod is used for compact-
ness, 1 - 3 r.

FIGURE 2-27. OPERATIONAL CYCLE AND PISTON, ROD AND CRANKSHAFT

PARAMETERS FOR AN AIR PISTON MOTOR
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The following events occur at various points in the cycle.

(1) 1Intake open. Power stroke begins, intake remains
open,

(2) Intake closes, power stroke continues.
(3) Power stroke ends, exhaust opens.
(4) Exhaust closes, return stroke begins.
(5) Return stroke ends, intake opens.

Note in Figure 2-27, the cycle shown to 1' closes the intake at 1' rather
than 2 which will provide a more complete expansion of the gas. This would
be the case where the intake valve opens and closes within a few degrees

of crank rotation. The cycle shown is based on the assumption that with
the use of multiple cylinders, a high torque low rpm motor can be made to
produce high initial power and, throughout the work cycle, to produce

power smoothly. Thus, the use of gear reduction trains may be eliminated
resulting in higher reliability and efficiency.

The following relations hold for the assumed motor geometry defined in
Figure 2-27. The connecting rod and crankshaft angles are related by

sin p = 29 (13)

and the stroke is given by

x =1r(l - cos 8) + 3r(l - cos B) . (14)

The displacement volume is given by
Vo= A(x + xy) = mr3 [(1.1 - cos 8) + 3(l - cos s)] (15)

The work performed in a cycle is the area contained within the cycle
diagram which is the sum of the work performed in a constant pressure
expansion from 1 to 2, an isentropic expansion from 2 to 3, and the isen-
tropic compression from 4 to 5 given by

P % T Pl sl T el

Wet = PV -V + [ 1 - % 1 - & (16)
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The torque produced throughout the power stroke is given by
T = Ar sin @ = Trpr3 sin 8 . (17)

To estimate the power output, torque characteristics, and gas flow require-
ments the following motor configuration was assumed.

(1) The motor has six cylinders.
(2) The cylinder diameter is .25 inches.
(3) The pressure of the gas supply is 1000 psi.

The torque characteristics of this motor were investigated first. Three
values for the amount of crankshaft rotation which would occur while the
intake valve was open were also assumed as follows.

(1) An instantaneous opening and closing at top dead
center. This is the theoretical cycle which goes
to 1' in Figure 2-27.

(2) The intake of one cylinder remains open for a crank-
shaft rotation of 60 degrees or until the next
cylinder reaches top dead center.

(3) The intake of one cylinder remains open for a crank-
shaft rotation of 65 degrees. This provides a
5 degree overlap in which the intake to two cylinders
are simultaneously open.

The torque characteristics for these three conditions are shown in

Figures 2-28, 2-29, and 2-30, respectively, as a function of crankshaft
rotation angle. The torque contributions of each cylinder are shown

below the upper curve which is the sum of these contributions. It is
readily apparent that an intake valve opening of 60 degrees crankshaft
rotation produces the most uniform torque output. The 5 degree overlap
which it was thought to produce a more uniform torque produced sharp

peaks on an otherwise fairly constant torque curve. In either case the
torque appears uniform enough so that the motor could be driven at very
low speeds. It is interesting to note that the absolute value or magni-
tude of the torque for the instantaneous valve opening was nearly an order
of magnitude less than for the other two cases. The first cycle is
probably thermodynamically more efficient than the latter two; however,
thermodynamic efficiency is probably not a primary criteria for small
motors with unique operating characteristics. A point of interest is that
even though the assumed dimensions were extremely small, the latter two
motors can produce an absolute level of torque of 7 inch pounds or on the
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order of 110 inch ounces at the shaft independently of motor speed. This
is comparable to the output of a high speed electric gear motor with a gear
reduction ratio in the range of 100 to 1. The electric motor torque is
developed at a fixed output shaft speed depending on the motor rpm and the
gear reduction ratio. Thus, the pneumatic motor offers the potential
elimination of the gearbox and variable speed drive by adjusting the flow
rate of the gas supply.

For the assumed gas supply pressure, a residual exhaust pressure of 226 psi
is achieved which is still fairly high. If the main gas supply pressure is
reduced to 100 psi, the residual exhaust pressure drops to 22.6 psi which
is much more reasonable. 1In order to operate at a reduced gas supply
pressure, the physical size of the motor must be increased. To achieve

the same torque a larger diameter cylinder must be used. If the same
geometric proportions are retained, the crankshaft throw also increases.

To arrive at a scaling factor, it is noted that the torque is proportional
to the gas supply pressure and the crank arm as given in equation (17).
Thus, the following relation can be written

3 3
P11 7 P%2 (18

from which the cylinder radius and crank arm dimension can be determined
by

3 p1
r, = 1 V S_ (19)

2

For a gas supply pressure of 100 psi, the diameter of the cylinder must

be increased by the cube root of ten or 2.16 times. This is slightly more
than double the size required for a 1000 psi gas supply. Figure 2-31
graphically displays the relationship between motor speed, output power,
and gas supply flow rate. Horsepower up to a tenth can be achieved at
moderate speeds for fairly low gas supply flow rates. )

A comparison was made for the system weight variation of a battery

powered electrical system and a nitrogen gas supplied pneumatic system.
Silver-zinc batteries were used as a basis in the electrical system. The
gas supply plus its storage tank weights were used as a basis in the
pneumatic system. These weight comparisons are shown in Figure 2-32. It
is noted that the battery powered system weight can vary over a large range
depending on the discharge rate of the batteries. For soil sampling appli-
cations, the power demands and hence discharge rate can become appreciable.
Based on the results shown in Figure 2-32, it is seen that the battery
powered electrical system weight is less for a given total energy expendi-
ture. It should be noted that motor weights were not included in this
analysis. Since the pneumatic motor does not require the use of heavy
materials such as magnets and copper wire used in motors, the motor should
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be considerably lighter. This will make the pneumatic system compare more
favorably with the electrical system, particularly when the total energy
demand is low but the power and torque requirements are high.

If power is applied to a motor, it can be made to work as a compressor. As
a matter of interest, the possible use of this motor as a compressor was
investigated. The work cycle for such a compressor, using the same valving
system as the motor used, is shown in Figure 2-33,.

3 2

PRESSURE

— AMBIENT PRESSURE

VOLUME

FIGURE 2-33. WORK CYCLE FOR PNEUMATIC MOTOR RUN AS A COMPRESSOR

The steps in this work cycle are as follows.,

(1) The intake valve opens and admits atmospheric gas
into the cylinder at ambient pressure.

(2) The air is compressed isentropically from 1 to 2
in the work cycle.

(3) At point 2, the exhaust valve opens and the compressed
gas is discharged at constant pressure until the piston
reaches top dead center at point 3,

(4) The exhaust valve closes and the remaining gases
expand isentropically to point 4 which is below ambient
pressure. The cylinder is recharged and the cycle is
repeated.

Since it is anticipated that free air flow rates covering the range of
values shown in Figure 2-34 will be required for pneumatic transport systems,
the cylinder size required in this type of compressor was determined for
several rotational speeds in a 10 millibar atmosphere. The variation of
cylinder size is shown in Figure 2-35 for a six cylinder compressor. From
these curves, it is seen that the fairly large cylinder diameters are
required to produce appreciable flow rates in a Martian environment,
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The valving for the compressor assumed in the calculations above is not
that conventionally used in a piston compressor. The work cycle and valve-
piston configuration for a conventional compressor is shown in Figure 2-36.

WORK CYCLE VALVE-PISTON CONFIGURATION
by
3 2 n
O
P '.‘
A AMBIENT PRESSURE

FIGURE 2-36. OPERATIONAL CYCLE AND VALVE-PISTON CONFIGURATION
FOR A CONVENTIONAL PISTON COMPRESSOR

In this cycle, the following steps occur.

(1) Gas is admitted at constant pressure from point
4 to 1 as the piston approaches bottom dead center.

(2) The air is compressed isentropically from point
1 to 2 at which point the spring-loaded valve opens.

(3) Compressed gas is discharged at constant pressure
as the piston approaches top dead center.

(4) The residual gases are expanded until ambient
pressure is reached at which point the intake valve
opens and the process repeats itself.

In order to compare the previous compressor with this more conventional

one, the power expended was calculated. The same piston size, exhaust
pressures, and compressor speeds were assumed. The work required per cycle
was used as the means of comparison. It was found that the compressor with
conventional valving required less power per cycle in the ratio of 2.5 to
one for the same weight of delivered compressed gas. Thus, the conventional
valving for a piston compressor is more efficient from an energy consumed
viewpoint,
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It was desired to estimate the power requirements for a conventional piston
compressor that could deliver 50 cubic feet of free air flow under the con-
ditions of the 10 millibar atmosphere. From Reference 6, the work for a
conventional piston compressor in terms of compression ratio is given by

k - 1
szRT1 P, k
Work = T & l:(p—l) - ].:] . (20)

From this relation, it is seen that the work expended in compressing a gas
is reduced as the compression ratio is decreased since the term in the
brackets approaches zero. The variation in power as a function of com-~
pression ratio is shown in Figure 2-37. 1In Section 3.3 it is shown that
a pressure ratio up to 1.3 to 1 is required to produce flow velocities of
40 feet per second in a half inch diameter tube 10 feet long. For these
low compression ratios the power required to compress the gas is almost
negligible in the order of 1 to 2 watts. The power lost in mechanical
friction will probably exceed this power by an order of magnitude. Thus,
a positive displacement compressor will work in a Martian atmosphere with
small power input requirements; however, the size of the compressor will
be relatively large and bulky,

2.3.3 SUPERSONIC JETS

In generating the design concepts contained in Appendix B, several of these
incorporated high speed or supersonic jets. The supersonic nozzle is
mechanically very simple and the appealing aspect of a high speed jet of
air for soil sampling is the ease with which it can penetrate crevices and
accommodate itself to uneven terrain conditions. The high velocity of a
supersonic flow should be very effective in lifting loose surface material
into the air. If this dust cloud is contained inside a hood or shroud,

it should be a very effective means of obtaining a sample. Also a con-
tained dust cloud surrounding a jet should cause some of the soil particles
to be accelerated to impact the surface thereby eroding some of the
cohesive surface material from the soil

To estimate the flow characteristics for a small supersonic nozzle, the
nozzle geometry described in Figure 2-38 was assumed. A converging entrance
radius equal to three throat radii is followed by a simple diverging cone
with a cone half angle of 10 degrees. The pressure variation along the
nozzle for an assumed chamber pressure of 10 psi is shown in Figure 2-39,
It is seen that expansion is fairly well completed for a nozzle length
which exceeds 10 throat radii. Since higher chamber pressures may be
desired, the variation of expansion ratio required to expand to a 10
millibar ambient pressure at .the exit was estimated and is shown in Figure
2-40. Expansion ratios up to 30 may be required. The calculated velocity
variation is shown in Figure 2-41,
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It is seen that exit velocities in the order of 2000 feet per second can be
expected.

The mass flow rate for this nozzle configuration was determined as a function
of throat diameter for two chamber pressures of 10 psi and 100 psi, which is
shown in Figure 2-42., It is seen that flow rates do not become excessive

for the lower pressures. The optimum chamber pressure will probably have

to be determined experimentally. The higher chamber pressure requires a
larger expansion ratio which in turn will produce a larger diameter jet.

The larger jet should be less susceptible to attenuation of the velocity

and will cover a larger area which is desirable.

This effort was very limited in scope and was terminated at this point
since none of the concepts involving aerosolizing jets were selected for
further development, however, an interesting phenomenon infglving multiple
nozzles was reported in NASA TN D-1017 by A. A. Spady, Jr.  This work was
an empirical study to determine the characteristics of the dust cloud
raised by a vehicle landing on the lunar surface. Various configurations
of nozzle clusters were tested in a vacuum over a surface covered with
fine particles to simulate dust. 1In the four nozzle configuration Spady
discovered that a column of dust formed in the center of the four nozzle
pattern and extended up to the nozzle mounting block, as shown in Figure
2-43 taken from the technical report. This suggests that a multiple nozzle
arrangement could probably be optimized to preferentially concentrate the
dust cloud in an area such as a pneumatic transport tube leading to the
soil sample collector, thereby enhancing the soil collection rate.

2.3.4 OPERATIONAL STUDIES AND CONCLUSIONS

The conceptual designs for sample handling systems were to be developed
with certain specific requirements and design goals in mind. In addition
to these requirements and goals, a series of factors were to be considered
in the design. These factors included:

(1) Survival of impact from a hard landing capsule at,
for example, 2000 to 10,000 g.

(2) Sterilization requirements in accordance with Voyager
specifications.

(3) An operating temperature range taken as -1009F to
150°F.

(4) The possibility of a need to penetrate a considerable
thickness of impact absorbing material.

(5) The possibility of acquiring a sample from a non-
gravity oriented capsule.
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These considerations were not established as rigid constraints, merely
design guidelines.

Impact hardening of mechanical systems is basically a packaging problem
provided that the systems are slightly overdesigned from a strength of
materials standpoint. The mechanical systems contained within the prototype
samplers lend themselves directly to impact hardening for flight hardware,
especially if the impact event is unidirectional. If the impact is omni-
directional, the packaging and hardening problem will be more severe. In
the interest of developing prototype hardware rapidly, the hardening con-
sideration was not emphasized.

Sterilization requirements can be met by utilizing sterilizable motors or
pneumatic systems, silicon and molybdenum sulfide lubricants, and inorganic
temperature-tolerant bushings, washers, bearings and seals. Except for
motors, the choice of materials, in most cases, was made with the sterili-
zation requirements in mind.

The operational temperature range set at -100° to 150°F should pose no
problem when sterilization requirements are met and the operating environ-
ment is assumed to be exceptionally dry.

The possibility of a need to penetrate a considerable thickness of impact
limiting material has received a large amount of study at Aeronutronic.

In the first place, it is recognized that bio-capsule impact limiters will
have to be designed from metal-honeycomb to avoid organic contamination
from balsa or phenolic-honeycomb limiters. The removal of a metal-honeycomb
limiter from the instrument payload proper or from critical areas of the
payload must be accomplished without injuring or contaminating the payload
or loading the nearby soil with extraneous chemicals. First, it is neces-
sary to separate the crushed limiter into segments so they can be ejected
from the payload. Ordinary linear or shaped pyrotechnic charges do not
appear feasible for this purpose from the contamination standpoint.
Therefore, we are left with the following choices for separating the
limiter into segments:

(1) Cutting or sawing operations.
(2) Disconnection of existing segments by solenoids,
pneumatic cylinders, '"Pyrofuse,'" or sealed pyro-

technic pin pullers.

To separate the limiter segments from the payload, we have the following
possibilities to choose from:

(1) Springs

(2) Pneumatic cylinders
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(3) Pyrotechnic guns
(4) Gravity

The problem of non-gravity orientation has also been studied. These studies
indicated that in capsules up to three feet in diameter, liquid floatation

is a practical way to achieve gravity orientation. This system utilizes an
internal payload which is floated with neutral buoyancy within an outer
shell. The density of the flotation fluid must be equal to the density of
the payload. The center of gravity of the payload sphere must be below

the geometrical center of the sphere. After landing, the gravitational

force is allowed to erect the payload to a vertical position; the payload

is then locked to the outer shell. This method implies the use of stabiliz~
ing legs attached to the outer shell. Two alternate concepts can be advanced
for larger capsules. In the first, the capsule is shaped for unidirectional
stability. 1If a spherical payload must be delivered, then large orange
peel-shaped segments of the impact limiter can be released and rotated about
a point on the south pole of the sphere to effect a simultaneous erection

and stabilization of the payload. 1In the event that the vehicle were to
come to rest directly on the north pole, a foot or instrument mast could

be extended simultaneously to roll the vehicle on its side and insure gravity
stabilization from any random orientation. In other words, it appears to

be more logical to orient the capsule in the first place rather than attempt
to design instruments that will effectively operate in any random direction.
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SECTION 3

BREADBOARD TEST FIXTURE PHASE

Prior to the conclusion of the Conceptual Design Phase of the program
certain subsystems that were common to the semifinal list of sample
handling systems appeared to merit testing by means of simple breadboard
test fixtures. These included pneumatic tubes and telescoping booms.

By this point in time, the boom deployed wire brush sampling head was
being recommended by Aeronutronic personnel despite several operational
questions. In order to supply some rapid but effective answers, the
sampling head and boom test fixtures were fabricated and tested on soil
models in rotating bins. The experience gained by operating and testing
these breadboard fixtures was invaluable for final prototype design and
fabrication purposes.

During this phase the soil models stipulated in the contract were collected
and/or manufactured. Rotating bins for testing soils with the boom
deployed wire brush test fixture were designed and fabricated. Gallon-
size tin cans were obtained and filled for future vertically deployed
sampler testing.

3.1 SOIL MODELS AND TEST FACILITIES
3.1.1 DEFINITION OF SOIL MODELS

Dr. Douglas B, Nash, geologist, and Dr. Gerald A. Soffen, microbiologist,

of JPL at the request of the JPL Soil Sampling Laboratory, defined six

soil models that should span the general post-Mariner IV range of the
uppermost surface materials expected to be encountered on Mars. These
models are identified in Table 2-1. The following four models were selected
from this list and incorporated within the Supplemental Agreement :
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(1) Cohesive powder

(2) Cohesionless particulate
(3) Hardpan

(4) Loose rubble

The stipulated models were related to a grading analysis performed
previously on the ABL study.  In this study soil particle size distribu-
tions from the soil mechanics and natural soil literature had been compared
and were found to range close to either of two representative values of
standard deviation for an idealized normal or Gaussian distribution. The
representative values determined were approximately 0.28 and 0.72. The

high standard deviations are characteristic of agricultural soils which
consist of agglomerations of finer material bound together to form large
particles. The agglomerated particles do not usually break down into

the finer particles unless they are dispersed, for example in an NaOH
solution. From the data evaluated, the sands and gravels tend to fit the
lower standard deviations which can nearly always be linked to some form

of natural grading action such as wind or water transport. On the basis

of these results, the lower standard deviation appears to be the better
choice for a postulated Martian soil and is therefore used as a basis

for defining the soil test models. On this basis, two representative

grain size distribution curves have been selected to identify the finer
particulate models, sand and silt., These are shown in Figure 3-1. The
solid circles are points representing mean and extreme diameters. The slope
of the solid lines corresponds to a standard deviation of 0.28 as deter-
mined in the previous ABL study. These distributions represent a

reasonable idealized fit to a normal distribution for purposes of defining
soil test models. It is noted that the end points of the size range are

not sharp cutoff values, since the normal distribution curve approaches

zero asymptotically. Thus, variations from the assumed curve at the extremes
of the range of sizes are less significant. The unsorted rubble model does
not conform to this treatment; see the description below for its composition
and character,

The following outline describes the specific materials selected, their
composition, grain size range and physical character:

Model No. 1 Cohesive powder

Composition: Compacted, crushed, very angular grained, olivine basalt silt
having the following composition:

Plagioclase (feldspar) 40%
Pyroxene 40%
Olivine 15%
Magnetite 5%
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Grain Size: The approximate grain size distribution is 100% through a
No. 325 standard sieve (<&4u),
Grain size range: 100% <44p, 90% >15u and 107 <1.5u
Mean grain size: 32k (medium-grained silt)

Physical character: For testing purposes this model is prepared in a cohesive
state. A high degree of cohesion is obtained through a combination of
extremely angular grain shape and vibratory packing,

Model No. 2 Cohesionless particulate (sand)

Composition: Nevada No. 60 mechanically graded, rounded to subrounded
grained, natural desert dune, quartz glass sand with the following grain
size distribution:

Grain size: 0.6% retained on a No., 30 standard sieve

7.7% on No. 40 (420u)

18.3% on No. 50 (297u)

29.0% on No. 70 (210u)
33.7% on No. 100 (149u)

9.0% on No., 140 (105)

1.77% through No. 140 (<100p)

Grain size range: 91.6% <3004 and 89.3% >150u
Mean grain size: 250y (medium grained sand)

Physical Character: For testing purposes this model is left in a loose
state. Since the grains are well-rounded to subrounded an easily sheared
uncompacted product is obtained.

Model No. 3 Hardpan

Discussion: In order to produce the effect of cementation, four submodels
were constructed to yield models having an order of magnitude increase in
shear strength response to the degree of cementation and, respectively,
simulate:

(1) Soluble salts duricrust (25 psi shear strength)

(2) Friable hardpan (250 psi shear strength)

(3) Hardpan (2500 psi shear strength)

(4) Natural adobe hardpan

Composition: Ottawa No. 398 flour, a mechanically graded, subrounded
grained, natural fossil beach source, quartz glass flour or coarse silt
having a mean grain size of 40u. The Ottawa silt was bonded with materials
identified below. The natural Mexican adobe brick is manufactured from
native adobe mud whose grain size varies from clay (<1p) to coarse sand
(2mm) and a few small pebbles (>2mm).
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Preparation:

Submodel No. 3a: Bond silt by introducing a sufficient quantity of warm
supersaturated salt water to completely cover silt-filled bin. Evaporate
model to dryness,

Submodel No. 3b: Bond silt with a 7.5:1 rati o of silt to common cement,
fill bin and cure.

Submodel No. 3c: Disperse a 10:1 ratio of sand and polyester resin (Glass
Fiber Products Co, PE-9538) in bin and cure.

Submodel No. 3d: Natural adobe brick; Adobler's kiln-dried (wood fired)
adobe bricks,

Testing: Submodels 3a, 3b and 3¢ were cast into standard cylinders, 2 inches
in diameter and 3% inches long, for compression testing. The failure
stresses and failure modes are identified in Table 3.1.

TABLE 3-I

SIMULATED CEMENTED HARDPAN TEST DATA

Submodel Fajilure Cleavage
No. Stress,psi Angle, ©
3a 23 35°
3b 200 20°
3c 3400 40°

An approximate order of magnitude spread in strength values was achieved as
intended. Submodels 3b and 3c are not affected by moisture whereas Submodel
3a is affected. To maintain control of the properties for 3a, this formu-
lation should probably be baked immediately prior to use to dry it out.
Based on the above described tests and test discussion, it was decided

that Submodel 3b would be the ideal test model for cemented hardpan. For
sampler testing purposes, this model was specifically prepared as follows:

Material Description Weight Remarks
3
Sand Nevada No. 60 ‘ 34,85 1b. Ratio of aggre-
Silt Ottawa No. 398 Flour 33.08 1b. gate/cement =
Dye Powdered Fe 03(<44u) 0.88 1b. 7.36:1 by weight
Cement Common PortIand 9.29 1b.
Water 15,00 1b

The dry material was completely admixed, water added, and mixture stirred
until the consistency of plaster-of-paris was attained. The slurry was
poured into the standard test bin to 3/4 of its total capacity and restir-
red to eliminate most of the air bubbles., It was cured for approximately
2-3 weeks prior to testing.
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Model No. 4 Rubble

Discussion: Two rubble models were prepared; one composed of randomly
mixed rubble, and another to model a desert pavement type of surface.

Composition: A mixture of equal parts by weight of the following materials:

(1) Hand picked, naturally comminuted cobbles composed of vesi-
cular olivine basalt having a grain size range of approximately 50-125.mm.

(2) Hand picked, naturally comminuted and/or crushed vesicular
olivine basalt pebbles with a grain size range of 2-25mm.

(3) Crushed olivine basalt and sand having a grain size range
of 644 to 2mm.

(4) Crushed basalt silt with a grain size range of 1.5 - &44M.

Preparation:
Submodel No. 4a (randomly mixed model):. Fill bin with randomly mixed rubble.

Submodel No. 4b (desert pavement model): Fill bin 3/4 full with loose basalt
silt, sand and pebbles mixture; hand emplace a mosaic of basalt cobbles and
cover with thin layer of loose mixture; force mosaic into loose mixture as
far as possible; finish by blowing air jet across surface of model.

3.1.2 DESCRIPTION OF TEST FACILITIES AND ACCESSORIES

Test facilities and accessory devices had to be prepared in order to test
breadboard models of the rotating wire brush and the pneumatic transport
tubes. Rotating test bins were prepared to test the wire brush sampler
head. A manometer was constructed in order to determine the pressure drop
and flow velocity in a pneumatic tube, The NASA Mars simulation chamber was
utilized to test the soil transport capabilities of pneumatic tubes under
reduced air pressure conditions.

The rotating soil test bins, pictured in Figure 3-5, are 6-sided wooden
bins having the dimensions, 2' diameter x 6'" deep. The base is a round
plywood plate revolving on &4 rubber tired casters. The plate is friction
driven by an electric motor to revolve at speeds up to 2 rps. In order to
compact soils, four wedge-shaped metal strips were attached to the base
plate. Each strip is 1/8" thick so that as the bin is revolved on the four
supporting casters, 16 drops of 1/8" are acquired per revolution, . At

2 rps, the soil is compacted at 32 cps, approximating the optimum compacting
rate of 28 cps. The compacted silt model (Model No. 1) was prepared in

this fashion. The cohesionless particulate material (Model No. 2) was
merely poured into the bin and the surface leveled prior to testing. The
preparation of the cemented hardpan model (Model No. 3b) and the desert
pavement model (Model No. 4b) was described above, The model is illustrated
in Figure 3-5 . The natural adobe brick model, Model 3d, consists simply

of three 12 x 1" adobe bricks sawed to conform to the geometry of the floor
of a test bin and emplaced thereon.
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At this time, in order to insure soil model uniformity, one-gallon tin
cans were filled two-thirds with cemented hardpan for future testing of
the vertically deployed conical sieve sampler,

An inclined manometer, pictured in operation in Figure 3=-30, was constructed
to measure the velocity profile, pressure drop and flow velocity existing
within the pneumatic tube breadboard fixtures tested. The inclined manometer
was fabricated with a slope calculated to give an order of magnitude magni-
fication of pressure readings. It can be read to a 0.1 inch which provides

a measured accuracy to 0.0l inches of water.

The NASA Mars simulation chamber, I.D. No. NASA-100-3, was received from
Litton Systems, Inc, on 12 July 1966. The simulator is 2 feet in diameter
and 5 feet long. The exterior is enclosed in a rectangular plywood box
containing thermal insulation. The access door consists of a hinged end
dome, also insulated, There are eight viewing windows in the chamber.

Two are located on each side, two in the fixed dome, one on top, and one
in the door of the chamber. Seven 5/16-inch diameter tubing feed throughs
and three 1/4-inch pipe feed throughs are provided, The electrical feed
through consists of a 19-pin connector. Two 110 volt receptacles are
provided inside the chamber, The chamber contains no means for circulat-
ing the internal atmosphere, It is our understanding that Litton Industries
used a 90 cfm vacuum pump with the chamber, To chill the chamber to
-110"F, Litton used an alcohol/dry ice slurry which was pumped through the
cooling coils wrapped around the cylindrical part of the chamber. The
simulation chamber was delivered without the vacuum pump and the heat
exchanger pump for the alcohol slurry.

The vacuum pump used at Aeronutronic has a 15 cfm capacity which was used

to evaluate the performance of the chamber. The chamber pump down rate
achieved with this pump is shown in Figure 3-2. The pump down rate is seen
to be linear at 4,6 mm/minute down to the pressure of interest in this
program, A minimum pressure of 300 microns can be achieved. The leak rate
was checked by pumping to the minimum pressure and recording the pressure
rise as a function of time, In the region of interest (5 to 10 mb) the

leak rate is very nearly linear and has an average value of 0.193 mm/minute,
as shown in Figure 3-3. Under room temperature conditions the pumping rate
exceeds the leak rate by a factor of 24, Since no pump system for chill
down was readily available, liquid nitrogen was vented through the cooling
tubes bonded to the chamber. Itowas established that this method can be used
to achieve a temperature of =100 F in approximately 1.5 hours using about 44
litres of liquid nitrogen.

The chill down characteristics with an ambient pressure of 1 atmosphere in
the chamber is shown in Figure 3-4. To evaluate the combined performance
of chill down and low pressure, the chamber was pumped down to 300 microns
operated continuously during chill down. As the temperature decreased, the
chamber pressure increased at a continuously higher rate until the vacuum
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seal was completely lost and the chamber returned to atmospheric pressure,
The loss of seal occurred at the chamber access door seal. A detailed
examination revealed the following defects in chamber door construction.

(1) The door is sealed by one "O" ring which appears to be
undersized in cross-section to be compatible with the "O" ring groove in
the door.

(2) The "0" ring groove contains machine marks of sufficient
depth to make an efficient seal doubtful.

(3) The chamber surface against which the '"O" ring seats con-
tains two holes which have been plugged and present an irregular surface in
the area of "O" ring contact.

(4) The plywood door exterior bears against the plywood exter-
ior of the chamber possibly limiting the compression of the "O" ring seal.

(5) The door hinges are rigid which may also limit "O" ring
compression in the area of the hing.

(6) The use of the rigid door hinges also causes a wiping action
on the "O" rings seal as the door is closed which tends to remove sealing
compounds such as high vacuum silicon grease.

The chamber sealed properly after this check when the chamber temperature
had returned to ambient room temperature. Thus, the above mentioned
factors coupled with thermal distortion during chill down probably accounts
for the loss of the vacuum seal when combined low pressure and low tempera-~
ture operation is attempted.

3.2 ROTATING WIRE BRUSH BREADBOARD

It was felt that a sufficiently large number of variables and unknowns
existed in terms of the interaction between the wire brush, the brush hood
or shroud, and the soil model being sampled to warrant some breadboard
development efforts to help determine the correct configuration. The
primary objective of this breadboard testing was to determine the relative
merit of a floating hood as opposed to a fixed hood, to develop the internal
configuration requirements of the hood, and to determine the relative
efficiency of mechanical sample collection as opposed to pneumatic collec-
tion,

Since the wire brush sampler was to be boom mounted and would be sampling
while traversing the surface, rotating soil sample bins were fabricated
to provide the correct relative velocity of one foot per second between
the wire brush and the soil surface. A typical sample bin is shown in
figure 3-5 with the rotating wire brush breadboard in the floating hood
configuration. The wire brush breadboard was supported on the end of a
fixed boom pivoted at the center and counterbalanced at the end. The
total breadboard setup is shown in the photograph in figure 3-6. This
arrangement allows the angle of attack of the sampling head and the
normal force acting on the wire brush to be adjusted as desired.
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The detail construction of the wire brush breadboard sampling head is
shown in Figure 3-7 (PD25185). The wire brush is mounted on the end of
the fixture between two side plates. These were designed so that

various hood configurations could be installed or changed with a minimum
of modification to the breadboard. The motor was mounted in a cradle bet-
ween the support rods. The motor torque was reacted by a torsion bar.

The deflection of the torsion bar is directly proportional to the applied
torque.

Torsion bars with a length of 4 inches and diameters of 0.045 and 0,062
inches were made and calibrated. The calibration curves are shown in
Figure 3-8. The rms curves were obtained from three sets of observed

data and are fairly linear in the intended operating range. The displace~
ment to the right of the theoretically predicted value is due to breakaway
torque needed to overcome the friction in the support bearing.

Attached to the motor cradle is a wiper arm which slides along a wire

wound potentiometer. The output of this potentiometer as well as the

input current were recorded continuously by a 2 channel Sanborn recorder.
The voltage was held constant by the power supply and was recorded at the
start of each run. The rotational speed of the brush was controlled by

the applied voltage. A calibration curve of brush rotational speed is
shown in Figure 3-9, This curve was obtained by running the breadboard
test fixture completely assembled but not in contact with the surface

being sampled. A similar rotational speed calibration curve was obtained
for the rotating soil sample bins as shown in Figure 3-10. In both cases,
it is seen that the rotational speed varied linearly with the applied
voltage, Since the surface speed of the soil model is a function of the
radial distance from the center, a cross plot was made relating voltage and
radial distance required to produce a surface speed of one foot per minute.
This is shown in Figure 3-11., This curve was used to adjust the sample
bin speed as required to produce one foot per minute surface velocity
traverse.

Before the breadboard testing was initiated, a simpler set up in which a
wire brush was mounted directly on a motor shaft was fabricated in order

to observe the action of the soil particles abraded by the brush. With

no shroud or hood it was observed that the soil was thrown up ahead of

the brush in what appears to be a pattern of composite ballistic trajec-
tories. Theoretical vacuum trajectories were calculated and plotted for
several brush speeds. These are shown in Figures 3-12, 3-13, and 3-14

for rotational brush speeds of 300, 200, and 100 rpm respectively. The
rotational speed of the preliminary breadboard set up was 80 rpm and
produced a pattern very similar in appearance as the theoretical trajec-
tories shown in Figure 3-14 except that the maximum height was in the order
of 1 inch., These observational tests were made by pulling the brush slowly
through about a quarter of inch of basaltic silt with a mean particle size
of 32 microns. A simple hood was fabricated for this sampler as shown
schematically in Figure 3-15,

3-14




JINLXTA ISEL HSNYT FYIM ONIIVIOYN [-€ HUNOIA

NS
WIIVeS :
LUS VIR L ICD _ - ——_
X ﬂ- cn— IADAS
W L9157 0 (397v74 3) -
vl/ wY D P vEer \L_y - ,.ﬁ.hw.._.c“.w.vuf i
. " LI
Yo om0 k19244 _ e JYBD SORUT 10 AR / ﬂﬁ«w’:.wr:. o)
Ve roudas ,_ Lavrs tusaee
e 2078 / Qo Lweddes (5°) N ) 1) 3ne
_ ® 2N -
Ch el
. n -
: oy /

...Ill.o @ z_.a)z
3 z } | ® | it

. v
H PR L3S 931301330 _
— ow's
7 (13%) 9919204 _
MO 30

wONINM 207TL
WOLETY 12-00VV G AWVID 969304
aon swdars @—/ n_.0|_

(53914 2) 100 ¥ SNy e AoBeS uoITY

a2y )
(S37%14 2) PO RS

Qo w153 —

NG 1¥0dd0S Qniufll/

\

WNSHOH ReISBAL

.

v

1304405 WOLOW l9VS2Qd

3-15



ROTATION ANGLE - DEGREES

ROTATION ANGLE - DEGREES

20°

—
o
o

o
(*]

20

WIRE DIA. 0.45
WIRE MATERIAL - MUSIC WIRE

15 20 25 30

4 i |

T 1 T
TORQUE-INCH OUNCES

-

OBSERVATIONS T, =0
T, =A
I, =0

RMS CURVE

THEORETICAL CURVE = — =

WIRE DIA, .062

TORQUE - INCH OUNCES

OBSERVATIONS T

FIGURE 3-8 TORSION BAR CALIBRATION CURVES

3-16




00%

HSN¥9 ANV JOOH HLIM JITdWVS TIOS TdV FOVLITIOA SASYHA WdY HSAYL HYIM AYVIOd 6-€ TYNOIA

Wdd
00¢ 00¢ 001

_ _ _

JOVILIOA

3-17



AATIWYS TIOS Tdv AOVITIOA SOSYAA Wdd NId X4viod O071-€ FI0O0Id

JOVLTIOA

3-18




FONVISIA TVIAvVY SASYIA H¥INOTY NOIIVIOY NId

91

0d SI'I0A - JOVITIOA

Ti-¢ 940014

71 ¢1 01 8 9 v

/

/

0¢ 87 97
I
IINIT
le— TOVITOA
_ ¥dddn
[ [ M/

_

T T 1T T 1

IOVILTIOA TIVLS ¥OLOW ——*

NVdQdvH dIINIWID
€4 dTdWVS TIOS

HLIM d4dvOT NI9 AYvIO¥ ‘HION

LIIWIT SAIQVE ¥dMO'T

LIWIT SNIAVYE ¥dddn

/

/

SN S

0°¢

0"y

0°¢

0°9

0°¢L

0°8

0°6

0°01

SHHONI -SNIavyd

3-19



ALTITUDE - INCHES

BRUSH SPEED - 300 RPM 9 =75
BRUSH DIAMETER - 4 INCHES

8 = 60
[o]
0 = 45°
(o]
/,
Z 6 =30°
(o]
—
o
/ 90=15
| 1 l\L 1 | |
1 2 3 4 5 6 7 8

RANGE - INCHES

FIGURE 3-12 WIRE BRUSH SOIL PARTICLE TRAJECTORIES
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FIGURE 3-14 WIRE BRUSH SOIL PARTICLE TRAJECTORIES
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FIGURE 3-15 PRELIMINARY WIRE BRUSH HOOD CONFIGURATION
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No sample was collected in the sample chamber with this configuration;
however, it was observed that large quantities of soil could be rapidly
collected by holding a flat surface on the descending side of the brush

as shown in Figure 3-15. The most plausible explanation for this behavior
is that gravity forces interact with the impact and centrifugal forces
caused by the wire brush carry the soil on around the brush. The following
sequence of events are believed to occur.

(1) Soil is carried up in a variety of ballistic trajectories depend-
ing on the point at which it leaves the brush. Soil will pile
up in front of brush up to the angle of repose. This soil
then acts as a shroud formed at the surface to direct the majority
of the soil particles with an initial velocity vector angle of
between 30 and 45 degrees.

(2) As can be seen from the theoretical trajectories in Figure 3-14,
the majority of the soil is thrown up by the brush so that it
enters the hood. Once it has entered the soil it is carried
along by alternately impacting the shroud and the brush.
Additional energy is imparted to the soil particles at each
brush impact thereby continuing the transport upward,

(3) In the particular hood configurati on shown in Figure 3-15, no
particles fell into the sample chamber because they had been
carried past the point where their velocity vectors were
vertical. In other words, the particles either fell into the
brush bristles to be thrown out later or they followed ballistic
trajectories in the same direction as the brush rotates.

(4) Transport continues in this mode until the bristle impact or
centrifugal force throws the particles in a trajectory which
allows them to clear the brush and collect on the horizontal
plate.

In order to determine whether much of the soil could be expected to fall
into the bristles of the brush, the centrifugal accelerations were calcu~
lated as a function of rotational speed. This variation is shown in
Figure 3-16,

For the preliminary breadboard, it is seen that slightly less than one-
half a G is developed indicating that most of the soil probably falls into
the bristles when on the upper side of the brush., This would indicate that
if it is desired to have the sample exit port located at the top of the
brush, sufficient rotational speed should be achieved to exceed one G
centrifugal acceleration. From the curve in Figure 3-16 a rotational

speed in excess of 130 rpm is indicated. Another trend which can be
predicted is the effect of brush size. Tangential brush velocity is a
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linear function of rotational speed or radius as given by v = w, Centri-
fugal farce can be expressed in terms of this tangential velocity by

Cg =MW /r. Thus, it is seen that for a given tangential velocity, the
centrifugal force increases as the brush diameter decreases. This would
indicate that the smaller diameter brush should have less of a tendency
to load up at a given surface abrasion rate.

Following this preliminary breadboard testing a test matrix was established
to guide the efforts in subsequent tests. This matrix is shown in

Figure 3-17. 1In order to maintain control of the relatively large number
of variables involved, all initial testing was accomplished on soil model 3
(cemented hardpan). The purpose of the testing as outlined in this matrix
was to develop the relative effectiveness of the various parameters affect-
ing the collection of a soil sample by means of abrasion using a rotating
wire brush and to obtain quantitative data for use in the design of a

soil sampler prototype. The following variables were measured or observed
to determine the relative merit of configurational parameters:

(1) Weight of soil sample collected.

(2) Soil particle size distribution or bias.,
(3) Electrical input power (watts).,

(4) Mectanical brake power (ft-lbs/sec).

In general, the test philosophy was to reduce the number of variables to

be investigated as quickly as possible. Since the hardpan soil model

No. 3 is one of the more difficult to collect samples from and, also, the
most consistent or uniform in its characteristics, this model was used in
all the early testing so that quantitative comparisons of configurational
changes could be made meaningfully.

As can be seen from the matrix in Figure 3-17, the first four test configura=-
tions are designed to optimize the normal force on the brush and the rota-
tional speed of the brush. The next four test configurations are intended
to determine the need for a floating hood and the effect of attack angle

on the efficiency of a fixed hood. The next eight test configurations are
intended to develop the relative merit of gravity collection versus
pneumatic transport and collection. The remaining tests are designed to
evaluate the optimized configuration performance in the other soil models.
It is noted that the tests shown for soil model No. 5 were tentative

subject to prior test results and budget considerations., Soil model No. 5
was a suggested model consisting of a filamentary loaded cohesive soil.

This model would provide a severe test in some cases and was therefore felt
to be a desirable test model if time permitted. This model was not included
in the initial scope of the program,
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ROTATING W
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I TEST CONFIGURATION

CONFIGURATION PARAMETERS
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HOOD OR_SHROUD TYPE - FLOATING -
FIXED A
SAMPLING HEAD ATTACK ANGLE - 15° i
30°
45° |
BRUSH DIAMETER - 3 inches
4 inches
BRUSH WIDTH - .25 inches
.38 inches
BRISTLE WIRE DIAMETER - .008 inches
.010 inches
BRISTLE LENGTH - .5 inches w/sideplates

1.0 inches w/o side

BRUSH ROTATION - toward transport tube

away from transport tube

SOIL TRANSPORT MODE - GRAVITY

PNEUMATIC

DYNAMIC PARAMETERS

TEST DURATION - 1 minute

ol > 1@

I 5 minutes

I NORMAL. FORCE ON BRUSH - .5 1lbs
1.0 1bs

l 1.5 1bs

l SURFACE TRAVERSE RATE - 0 ft/min
1 ft/min

BRUSH ROTATION SPEED - 50 rpm

100 rpm

150 rpm

200 rpm

300 rpm

(W PN (VO [ O o 1.

SOIL MODEL 1 - COMPACTED SAND
SOIL MODEL 2 - COHESIVE POWDER
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The test apparatus consists of a breadboard model mounted on the end of

a pivoted boom (shown in Figure 3-6). The rotating wire brush is

mounted inside a collection hood which may be either fixed or floating to
accommodate itself to the local surface. The brush is driven through a
gear train by a motor mounted in a cradle. The torque exerted on the cradle
is reacted by a torsion bar spring which allows the cradle to deflect in
proportion to the torque. A wire wound potentiometer is mounted to the
boom allowing a contact wiper to sweep from the null position thus pro-
ducing a voltage proportional to the torque. This voltage and the input
current to the motor are recorded continuously on a two-channel oscillo-~
graph,

In the gravity collection model a plastic container is mounted on the
collection hood to collect the soil sample carried up by the brush as
gravity causes it to fall toward the surface. In the pneumatic transport
and collection mode, a plastic tube is connected to the hood outlet and to
a cyclone collector mounted at the other end of the pivoted boom.
Counterweights can be applied to the end of the boom to adjust the normal
force acting on the brush to any desired value.

In this sampling concept, it is intended that the soil sampler will be
mounted on the end of an extendable boom which is retracted continuously
during sampling thereby linearly traversing the soil sample head over the
surface, To simulate this in the testing, the soil models were prepared in
circular bins or trays which are supported on rollers., The bin is driven
by a motor causing it to rotate under the soil sampling head, thus simu-
lating the traverse to be encountered in the prototype design and operation.

The following is the general test procedure that was followed until test
results indicated that the procedure should be revised,

(1) Recondition the soil model in the tray to a uniform starting
configuration as defined for the particular soil model. The
sand and cohesive powder models will be raked smooth and compacted
by vibration. The hardpan model is resurfaced by abrasion to
remove all tracks of previous runs until it becomes so thin
that it must be recast.

(2) Check configuration conformity with that required by the test
matrix and record with a photograph.

(3) Adjust balance to provide the desired normal force on the abrading
head.

(4) Set motor voltage to produce desired rpm of the wire brush.

(5) Start the wire brush motor and soil bin motor. During the test
run, record (a) elapsed time, (b) voltage and current input, and
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(c) reaction torque. Observe and note the dynamic response
characteristics of the head such as stalling, bouncing, burial
or choking of the collection system,

(6) At the end of the run stop the motors and record the test set-
up with another photograph before moving or disturbing the set-up.

(7) Remove the soil sample collected and preserve for subsequent
weighing and analysis of soil particle size distribution.

The blocks in the test matrix shown in Figure 3-17 which are shaded indi-
cate those test configurations which were actually performed.

Forty-five test runs on test configurations 1 and 2 were completed.
These utilized a floating hood with mechanical soil collection only, as
shown schematically in Figure 3-18, The traverse rate over the soil was
zero for configuration 1 and one-foot-per-minute for configuration 2,
These tests are designed to evaluate the effect of normal force on the
brush, rotational speed of the brush, and traverse rate.

The effect of brush rotational speed is shown in Figure 3-19. No measur-
able soil sample was collected until a speed of 150 to 200 revolutions

per minute was reached. The lines indicated as 1G and 5G correspond

to rotational speeds required to produce the centrifugal accelerations as
noted. It is interesting to note that soil collection did not begin

until 1G level had been exceeded. The explanation for this suggests

that the soil particles fall into the brush on the upper side when the
centrifugal acceleration is less than 1G and are not thrown into the outlet
tube, This is partly substantiated in the tests at zero traverse rate in
that a pile of abraded soil sample collected at the point of brush entry
into the soil as well as at the point of brush exit. It also suggests that
high brush speeds will be more efficient in throwing the soil particles
across the gap into the outlet tube. These results confirm the trends
inferred in the preliminary breadboard testing.

The data from which Figure 3-19 was obtained was cross plotted as shown
in Figure 3-20 for a fixed brush rotational speed of 300 rpm. This is
the upper limit achievable with the current breadboard design, In Figure
3-20 it is seen that the traversing sampler is more efficient than the
static sampler. This can be expected for two reasons. First, the hood
bottoms out on the soil surface when the brush remains in a fixed spot
thereby limiting the volume of soil which can be reached by the brush.
Secondly, the abraded soil tends to collect at the point where the brush
leaves the soil. This mound of loose particles tend to act as a close
fitting hood directing the particles into the floating hood. For the
traversing sampler, the brush is continually advancing into this mound
reworking the loosened soil and rebuilding the mound.
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FIGURE 3-18 ROTATING WIRE BRUSH BREADBOARD SCHEMATIC
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Another effect was observed in that the mound achieves a maximum size
after which additional soil that is not transported into the hood flows

to the side of the wire brush. Referring again to Figure 3-20, it is

also seen that an optimum normal force on the brush occurs at one pound,
Since initial stalls at 1.5 pounds were observed to be more frequent,

this effect is probably due to overloading the motor in torque. The

lower set of curves were reruns of the data obtained at 300 rpm to obtain
some statistical confidence in the results., The lack of an optimum value
for the traversing sampler in the initial data was determined to be caused
by faulty test control. The soil bin makes more than one revolution in 5
minutes so that the second time around the brush was traversing the same
track it had previously traversed. Since the majority of the soil par-
ticles are not collected, most of these are deposited on the track as the
brush moves along. Thus, the wire brush was reworking these loose parti-
cles on the subsequent traverse thereby enhancing the collection rate.

On the reruns, the track was brushed clear after the wire brush had passed
to remove this ambiguity from the results.

Some typical examples of the abrasion characteristics of the rotating
wire brush in the floating hood are shown in the photographs of Figure
3-21. In the case of the static run, with a zero traverse velocity, it
is seen that abrasion continued until the wire brush test fixture was
resting on the floating hood. It is interesting to note that much larger
quantities of soil piled up at the entrance and exit points of the wire
brush in the hood than was collected in the sample collection chamber.
The sample collected was in the order of .0l to .l grams depending on
brush speed.

It should be pointed out that several characteristics of the floating
hood configuration used were not considered to be desirable. One of these
was the tendency of the floating hood to ride along with the wire brush
due to friction at the shaft. This would cause the hood to hit the ground
and lift the wire brush off of the surface. Spring wire extensions pre-
vented this action but rendered the configuration unsuitable for the
rubble model. The shape of the sample outlet tube was circular in cross-
section where it entered the hood. This presented a variable opening
across the width of the hood. It was observed that in the zero traverse
rate runs, the piles of soil samples deposited at the entry and exit of
the hood were larger at the edges indicating that more soil was transported
near the sides of the hood where the opening to the sample collection
chamber was minimal,

Based on the observations made in these tests and the ultimate desire to
have the simplest possible design, a new fixed hood was designed and
fabricated for continued testing., This hood is designed with skirts that
allow only 0.06 inches of the brush to extend past the outer radius of
the hood over approximately 160 degrees of the total brush diameter.
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FIGURE 3-21 TYPICAL ABRASTON CHARACTERISTICS OF WIRE BRUSH ON HARDPAN SURFACE
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Fixed to the edge of the skirts are inlet ports every half inch along the
circumference. These are intended to scoop up the soil particles that
flow out of the leading mound along the sides of the brush. The side
bristles on the brush are trimmed to just clear the inner surface of the
inlet scoops so that it will carry the entering soil along to the sample
collection ports, This hood configuration is shown schematically in
Figure 3-22,

Additional testing was accomplished using the fixed hood configuration of
the rotating wire brush breadboard. It was desired to obtain data for the
relative brush rotation and surface traverse as shown in Figure 3-23 and
referred to as conditions A and B. Since the effect of normal force
indicated an optimum value near one pound in previous tests, these test
runs were made using this value of normal force. Two soil models were
used in these tests. One was the hardpan (Model #3) and the other was

a layered model with one-half inch of sand over adobe brick. The soil
collection rate achieved in these tests are shown in Figure 3-24 for the
hardpan and in Figure 3-25 for the layered model. In both cases it can be
seen that condition A represents a more efficient collection configuration
than does condition B when only mechanical collection is used. The low
collection rate on the hardpan model is augmented by the use of

pneumatic transport as was shown in other tests., Mechanical collection only
provides adequate collection rates with the layered model., The collected
sample for this model was composed not only of sand, but contained some
abraded particles from the hardpan underlayment.

During the course of testing with the fixed hood rotating wire brush bread-
board, the free running power was observed to rise steadily with use,
Prior to running the tests on the layered soil model, the fixed hood was
disassembled to be cleaned. On examining the parts if was noted that the
spiroid gear was badly worn and wear patterns established the existence of
interference or rubbing at the ends of the bristles on the sides of the
fixed hood as shown in Figure 3-26. The interferences were relieved by
machining some of the metal away in these areas. This suggests that rub
strips should be incorporated in the hood design in such a manner that
contact can only occur on the sides of the bristles rather than the ends.
After relieving the interference areas and replacing the spiroid gear and
ball bearings, the free running current was decreased from 1.2 amperes to
approximately, .3 amperes. This rework was accomplished before the test
runs on the layered sand model were made.

Preliminary runs utilizing pneumatic transport indicated that an order of
magnitude increase in the quantity of soil sample collected on hardpan
could be achieved.

To obtain a check on the effect of pneumatic transport, a few runs in test

configuration 11 were made. 1In this configuration, the wire brush was
rotating away from the entrance to the pneumatic transport tube which
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is probably not optimum. Even so, the total sample collected in 5 minutes

was approximately 3.5 grams as opposed to 0.5 grams. This represents

nearly an order of magnitude improvement in collection rate. No particle

size measurements were made on the collected sample; however, the pneumatically
collected sample appeared to be very much finer than the mechanically

collected sample.

The test configurations referred to in the test matrix of Figure 3-17 as

17 and 17A were run in deep compacted basaltic silt. Test configurations
19 and 19A were run in deep compacted sand. The results were the same

for both models. The sample collection chamber was filled in a few seconds
after which the sampling head tended to choke up. Runs 17 and 19 were made
with soil bin rotating so that the surface was carried towards the sampling
head. Due to the attach angle of the boom, the head tended to bury itself
into the soil until it stalled. This was not considered to be typical of
the proposed prototype sampler mode of operation. Test configurations 17A
and 19A were made with the sample bin rotating away from the sampling head
and boom. The results were essentially the same except that the sampling
head only buried itself in the soil to a depth slightly less than half the
diameter of the hood. The results of these tests indicate that some method
must be used to limit sampler hood burial in deep loose soils to prevent
too much soil from being ingested into the sampler. Alternatively, some
form of overflow or dump for the excess material should be provided.

In summary, it is noted that brush rotational speed was maintained as a
variable in many more tests than was originally intended and that varia-
tions in attack angle did not seem to be too important for the head config-
urations used, The layered model in test configuration number 26 was
added in order to obtain quantitative data for a shallow sandy surface to
compare with the results obtained on hardpan. As seen in Figures 3-24

and 3-25, up to two orders of magnitude increase in soil collecti on can be
achieved by mechanical means if the surface is covered with a loose or
weak material., It should also be noted that the synthetic hardpan model
used in these tests is actually as strong as soft stone and is much harder
than natural hardpan.

3.3 PNEUMATIC TRANSPORT BREADBOARD

The initial design study instituted for determining the effectiveness of
blower-induced pneumatic tubes as particulate sample transport subsystems
consisted of the calculation at the flow velocity and pressure drop in a
tube of constant diameter relative to the tube diameter, its length and
the atmospheric model utilized. The two JPL Mars model atmospheres used,
VM-4 and VM-7, give the extreme boundary conditions. All of the other
atmospheres, VM-8, VM-1, VM-2, and VM-3, fall between these two in terms
of flow characteristics. The VM-4 atmosphere has a surface pressure of
10 millibars and a surface temperature of 200 degrees K. It is composed
of 68 percent carbon dioxide and 32 percent argon by volume, The VM-7
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atmosghere has a surface pressure of 5 millibars and a surface temperature
of 275 degrees K. It is composed of 20 percent carbon dioxide and 80

percent nitrogen by volume. For comparison purposes, the flow charac-
teristics in a tube for a standard earth atmosphere were calculated. The
results of these calculations are shown in Figures 3-27, 3-28, and 3-29.
Figures 3-27 and 3-28 are for the Martian atmospheres at two different
assumed values of inlet Mach number of 0.05 and 0.10, respectively.

Figure 3-29 is for earth atmosphere with an inlet Mach number of 0.05.

The data were calculated on the basis of an isentropic expansion for com-
pressible flow which is conservative from the standpoint of predicting ‘
the required pressure drop to produce the flow. The circled points on the
ends of the curves for the small tubes represent the critical length beyond
which an increase in length of the tube causes a change in the inlet flow
conditions. From these curves, it is seen that tube diameters of less

than 0.5 inch for a 10 foot tube induce penalties due to excessive pressure
drops and under certain conditions can choke the flow. Thus the trend is
to use larger diameter tubes at greater deployed lengths.

To evaluate the design requirements for pneumatic transport within the
telescoping boom, test hardware for the pneumatic components were pro-

cured and/or fabricated as illustrated by Figure 3-30. Two transparent
acrylic plastic tubes were made with the dimensions shown on Table 3-II.

TABLE 3-1I

DIMENSIONS OF PLASTIC PNEUMATIC TUBES

Length (in inches) I.D. Diameter
Per Section Total (in inches) Remarks
1. Diverging tube (7 sections)
16 1/2 Inlet end
6 5/8
6 3/4
6 7/8
6 1
6 1-1/4
10 1-1/2 Collector end
56
2. Constant diameter tube
56 1/2

A single stage vaneaxial blower made by Globe Industries and rated at

37 cfm for 1.5 inches of water pressure rise was used to provide the flow
in the tube. The rotational speed of the blower as a function of input
voltage was determined for the blower by itself with the adapter, blower
and adapter attached to the tube, and for the complete blower, adapter,
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tube, and cyclone collector combination. These data are shown in Figure
3-31 from which it can be seen that the blower speed varies linearly with
voltage and absorbs a maximum of 17 watts of power. The blower is 2 inches
in diameter and is connected through an adapter to a 0.5 inch inside
diameter acrylic plastic tube. Static pressure and dynamic pressure ports
are located at the tube inlet and 5 feet from the inlet. A static pressure
port is also located on the outlet side of the cyclone collector. These
are connected to an inclined manometer. At the rated voltage of 26 volts,
a velocity traverse was made at the inlet and the 5-foot station. No
variation in velocity across the tube diameter could be detected at the
inlet. The average flow velocity at this point was 36 fps. A traverse

at the 5-foot station indicated a velocity profile shown in Figure 3-32.

These velocities produced a flow of approximately 3 cfm which is about one
twelfth of the operating capacity quoted by Globe Industries for this
blower. This is probably due to the fact that the cross sectional area of
the tube is one ninth of the disk area of the blower causing the tube to
be the limiting factor in establishing the flow rate. The inlet Mach
number for this velocity is 0.033 which is low enough to consider the

flow to be incompressible. At the low pressure of 5 millibars, the dynamic
pressure will be reduced by the ratio of atmospheric densities resulting
in an estimated pressure differential of 0.004 inches of Hy0. This is
below the sensitivity of the manometer; however, at these pressures and
velocities the Reynold's number is so low that the flow will not become
turbulent allowing the flow velocity to be determined from the pressure
drop along the tube.

To verify the feasibility of using a single stage vaneaxial blower at

5 millibars, additional calculations were made assuming incompressible
flow. The pressure drop as a function of tube diameter for a 10 foot long
transport tube as well as the required compression ratios are shown in
Figure 3-33., It is seen that although the pressure drop is not greatly
different for Earth and Mars atmospheres, the required compression ratio
across the pump is considerably greater for the reduced atmosphere. The
maximum compression ratio across a single stage of stator and rotor blades
for an axial flow compressor is about 1.2:1. The compression ratio across
the Globe blower is well below this value; however, the required transport
velocity is not clearly defined depending on the soil particle density and
size that it is desired to transport. Alternative pumping methods also
are available which should achieve the requisite compression ratio.

When the test apparati had been set up as displayed in Figure 3-30, a
series of tests were conducted under earth ambient conditions to develop
the characteristics of the equipment and operational techniques to be used
in the simulation chamber. Soil transport efficiency was found to be high
at velocities in excess of 20 fps for the overall system. Difficulty was
experienced in dispensing the very fine soil particles in a size range
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of 44 microns and less. This size of particle tends to compact and
agglomerate in large masses which are too large to transport. Various
methods of dispensing the soil were evaluated.

The initial dispenser consisted of a conical chamber through which the
soil flowed by gravity. Frequent stoppage occurred so a vibrator was
attached to the dispenser. With the vibrator, all soil particle sizes
except that below 44 microns were dispensed. The very fine particles
were simply compacted and vibration did not maintain a flow of soil past
the inlet. Since, the vibrator produced standing waves in the transport
tube, it was felt that this technique for dispensing was questionable,
An aerosolizing jet dispenser proved to be unsatisfactory for the bread-
board set-up since the required flow through the jet seriously affected
the inlet conditions while it did not completely disperse the agglomera-
tion of fine particles.

A mechanical dispenser consisting of a rotating wheel running with the
lower half immersed in the soil proved to be the most consistent and
smoothest dispenser tried. The very fine particles were still thrown
occasionally as an agglomerated mass which shatters when it hits the
dispenser wall. This results in a burst of soil being transported down
the tube. This dispenser is shown schematically in Figure 3-34 and was
used in the remaining tests. A series of runs were also made using a mix
of the particle size cuts on an equal weight basis for each size range.
It is interesting to note that vibration induced separation of the fine
particles in the dispenser. A similar separation was noted in the cyclone
collector cup where the very fine particles built-up on the walls, while
the coarse material collected at the bottom beneath the conical outlet.

A few test runs were also made in the diverging tube. 1In this case larger
particles were transported through the tube without settling out in appre-
ciable quantities even though the velocity fell to 10 feet per second in
the larger sections of the tube. Finer particle sizes were noted to
settle in larger amounts with no tendency to dislodge after settling.
Close observation of the transport indicates that the larger particles

are being transported by saltation, i.e., bouncing along the tube. The
tendency of the smaller particles to settle out and remain undisturbed can
be explained by Bagnold's observation that as the surface roughness
decreases, below some minimum value, the velocity required to initiate
movement increases rapidly. This effect was further substantiated when
the soil mixture was used. The fine particles again settled in the larger
tube sections but the impact of the saltating larger sized particles could
be seen to dislodge a small area of the fine particles at the point of
impact, thereby aiding the movement of the fine particles.

The design and fabrication of an effective soil dispenser terminated the
operational technique tests. Formal engineering tests of the breadboard
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transport subsystem were undertaken per the test matrix denoted in Table
3-III. The general purposes of these tests were to determine the design
parameters associated with the pneumatic transport and terminal collection
of soil particles within constant diameter and diverging tubes using a
blower/cyclone collector system. These tests were conducted in two phases,
one in ambient earth atmosphere and one in a reduced (5 millibar) atmos-
phere. The quantitative variables are more easily measured and compared
to theory under ambient earth conditions. Also, these tests were needed

to predict and evaluate the performance at reduced pressures for a system
which is also expected to operate at ambient conditions.

Under ambient atmospheric conditions the following parameters were measured
or observed:

(1) Weight of soil sample collected.

(2) Soil particle size collection efficiency.

(3) Flow velocity required to transport.

(4) Pressure drop through system.
Four specifically sized soil cuts were used for efficiency variation tests
and a fifth material, composed of a mixture of the four cuts, was tested

for total transport response. The sized soils included:

(1) 63u < d < 44y derived from commercial Nevada
60 sand.

(2) 125p < d < 63u derived from commercial Nevada
60 sand.

(3) 250u < d < 1254 derived from commercial
Nevada 60 sand.

(4) 5000 < d < 250p derived from commercial
Nevada 60 sand.

(5) 500u < d < 44y being (1) + (2) + (3) + (4)

The flow velocities used were 10, 20, 30, and 40 feet per second at the
inlet. On each run, a known amount (15 grams) of soil for a given par-
ticle size was placed in the dispenser. After the flow was allowed to
stabilize at the appropriate velocity, soil was presented at the inlet

by the dispenser. After the run was completed, the amount of soil remain-
ing in the dispenser, the amount remaining in the tube, and the amount
collected by the cyclone collector were retrieved and weighed.
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The system efficiency was based on the amount of soil collected by the
cyclone collector of the total available in the dispenser. The cyclone
collector efficiency was determined based on the amount of soil in the
collector compared to that which might have been collected. The soil
remaining in the tube and dispenser were not charged to the cyclone col-
lector. The efficiency was calculated as follows:

wcollected

e =
c - -
wtotal wtube wdispenser

Therefore, only that portion of soil which passed through the collector
was charged against the cyclone collector's efficiency.

The purposes for testing the pneumatic transport tubes in levels simulating
the range of atmospheric pressures assumed for Mars were:

(1) To determine if the theoretical predictions of the
ability of pneumatic tubes to transport soil par-
ticles in the 63p to 1254 range can be borne out at
pressure levels of 5, 10 and 15 mb and to quantitatively
test their efficiency at these pressures.

(2) To assess the relative merits of the diverging and
constant diameter pneumatic tubes in reduced Mars-
like atmospheres.

(3) To investigate the relative efficiency of a single
blower versus a dual stage-push-pull system.

(4) To illustrate the sample collecting efficiency of
the best pneumatic transport configuration for
acquiring silicate samples under simulated Martian
gravitational conditioms.

And the parameters that were measured or observed during reduced pressure
tests were the following:

(1) Visually determine distance that sand grains travel
down the pneumatic tube.

(2) Weight of soil sample remaining in the pneumatic
tube.

(3) Weight of soil sample collected.
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(4) Estimate of particle size distribution in soil
sample collected.

(5) Voltage and current input (to detect power
variations in blower operation).

The tests were conducted in four phases utilizing specifically sized
Nevada sand as the soil medium:

(1) Diverging diameter tube with cyclone collector
blower only.

(2) Diverging diameter tube with push-pull blower system.

(3) Constant diameter tube with cyclone collector blower
only.

(4) Constant diameter tube with push-pull blower system.
When the relative merits of these four phases were determined, the best

configuration was tested using ground nylon in order to simulate the
density of silicates on Mars.

A rotating disk soil dispenser was mounted directly on the inlet end of
the tube when tests were conducted that utilized the single stage cyclone
collector blower. When testing the push-pull blower system set up, a
1-1/8" diameter Globe Industries blower was sandwiched between two conical
adapters, one leading to the soil dispenser and the other attached to the
inlet end of the pneumatic tube. The material used on the four test
phases consisted of Nevada No. 60 sand, hand sieved to obtain the range,
63p < d < 125p., The simulated Martian silicate material consisted of
ground nylon (density 1.1 g/cm3) having the following grain size
distribution:

1007 passed through No. 35 standard sieve
52% retained on No. 60 (250u)

37% retained on No. 120 (125y)

107% retained on No. 230 (63p)

1% retained on No. 325 (44u)

Grain size range: 100% < 500y and 99% > 63u

Mean grain size: =~ 250u (medium grained nylon sand)
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The Nevada sand is wholly composed of rounded to subrounded, equidimensional
grains. The ground nylon, on the other hand, exhibits a variety of grain
shapes as follows:

Equidimensional grains - 75% Subrounded 55%

Subangular to wedge-shaped 20%

Fibers to rod-like grains - 20% Fibers to unraveled fibrous
‘ bundles 15%
Rod-like 5%
Platy grains - 5% Twisted '"fruit peel-shaped'" 4%
Flat plates 1%

The above description applies to the gross sample; as the grain size
approaches 63u, the percentage of angular equidimensional grains approaches
100%.

The NASA Mars simulation chamber was utilized to perform the tests. It
is sufficiently large to contain the 56-inch long pneumatic tubes and
appended soil dispensing and collecting gear.

The results of the tests of breadboard models of constant diameter and
diverging pneumatic transport tubes can be initially summarized and then
discussed in detail in succeeding paragraphs. Tests of the constant
diameter tube under room ambient pressure showed that the overall system
efficiency was better than 90 percent for all flow velocities above 20 fps
and for critical grain sizes (63u - 250u) approached 90 percent for flow
velocities above 10 fps. These results are summarized on Figure 3-35.

At the same time the collector efficiency was essentially 100 percent for
all flow velocities above 10 fps as denoted in Figure 3-36. Tests in

the diverging tube at flow velocities of 40 fps demonstrated that the
collector efficiency was essentially 100 percent but the overall system
efficiency was less than 10 percent, therefore, further tests at lower
flow velocities were abandoned.

The tests in the constant 0.5 inch diameter acrylic plastic tube at room
conditions yielded the following conclusions:

(1) The overall system efficiency is 70 percent or
greater for flow velocities of 20 feet per second
for all particle size ranges tested (44p - 500p).

(2) The cyclone collector efficiency approached 100

percent for flow velocities above 20 feet per
second.
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(3) Virtually no soil was transported at 10 feet per
second. Under these conditions it is difficult
to assess the cyclone collector's efficiency
since no measurable amount was transported.

And tests on the diverging diameter tube fabricated to correspond to the
internal dimensions of an extended telescoping boom and operating at sea-
level pressures demonstrated that:

(1) The cyclone collector efficiency continued
to be good.

(2) The overall system efficiency, on the other
hand, was less than 10 percent for maximum flow
velocities capable of attainment within the system.

Velocity traverses over the cross-sectional area of the 0.5 inch pneumatic
tube were made at flow velocities of 40, 30, 20 and 10 fps at a pressure
level of one atmosphere. The results are summarized on Figure 3-37.

These traverses were eliminated for the diverging tube due to its low
collecting efficiency.

Both constant diameter and diverging breadboarded pneumatic tubes were
tested within the Mars simulation chamber at reduced pressure levels of
26, 16.3, 10.8 and 4.5 millibars. Table 3-IV summarizes the results of
the reduced pressure tests. The series of tests were conducted with a
specifically sized fraction of Nevada No. 60 sand, 63u to 125u, in order
to determine relative performances of pneumatic tubes at reduced pressure
levels. The tests were not so statistically numerous as to warrant
graphical illustration, but they did augment the following conceptual
design goals:

(1) A pneumatic transport tube will transport
measurable quantities of quartz sand at 10 mb

atmospheric pressure and gram-size amounts at
15 mb.

(2) The constant diameter pneumatic transport tube
equipped with a two-stage, push-pull blower
system is the most effective configuration of
those tested at atmospheric pressure levels of
5 to 15 mb.

A trace of sand was actuall transported down the pneumatic tubes for

distances up to 3.75 ft at 4.5 + 0.5 mb pressure (see tests Nos. 26 and
29). This fact leads to two conclusions:
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(1) The theory used to predict the pneumatic transport
of soil particles by blowers at low ambient atmos-
pheric pressures was essentially correct.

(2) Multistage blowers will undoubtedly transport
adequate samples at pressures as low as 5 mb.

There was no grain size differentiation evident in the sample collected,
regardless of tube configuration, blower system utilized, vacuum level,
or quantity of material collected. In all cases, both 63y and 125w
materials were either collected or were present in the pneumatic tubes.

Ground nylon does not appear to be a practical model for the gravimetric
simulation of Martian silicates, for the following reasons:

(1) Grain shape, fibrous grains.
(2) Surface skin greasiness.
(3) Electrostatic sticking.

All three properties cause the material to stick to the blower rotors and
rotor housing walls as well as to the walls of the acrylic transport tubes.
The ground nylon tests must be viewed with this problem in mind. The
sample collected at 10.8 mb (test No. 37) consisted wholly of equi-
dimensional fines < 230 mesh (< 63u); that collected at 16.3 mb contained
the entire range of particle sizes but, during the course of making the
test, the intake blower became choked with ground nylon. A more inert

soil model material must be developed and utilized for gravity simulation
tests.
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SECTION 4

ENGINEERING PROTOTYPE SAMPLER DEVELOPMENT

Under the terms of this contract, a portion of the task was to design,
fabricate, and evaluate at least one each of an engineering prototype
sampler designated as type A and type B. The type A sampler was to be
capable of being deployed horizontally over the surface adjacent to the
landed capsule or payload on which the sampler is mounted. The type B
sampler was to be simply deployed in a vertical direction until it reached
the surface immediately below the point of mounting. The two types of
sampler prototypes were selected from evaluations of the conceptual design
phase discussed in Section 2,0, The type A concept selected was the rotat-
ing wire brush listed as 7A in Appendix B. The type B concept selected

was the conical abrasive sieve listed as 8B2 in Appendix B. The detail
design, fabrication, and evaluation are discussed in the following para-
graphs of this section. It should be pointed out that the primary emphasis
was placed on developing engineering prototype hardware which would meet
the sample requirements listed in Table 1.1 with secondary emphasis being
Placed on the design goals. The intent was to obtain workable hardware
with a minimum of development since the fabrication schedule was fairly
short. Also, the design goals are more logically satisfied during a subse-
quent design phase in which flight prototype hardware is fabricated after
the engineering principles and mechanisms have been proven. The type B
sampler is discussed first since the design and fabrication generally pre-
ceded the type A sampler,

4.1 VERTICALLY DEPLOYED CONICAL ABRASIVE SIEVE
4,1,1 DESIGN
The basic design concept for this sampler as developed in the preliminary

design layout (reference drawing number PD25166) utilizes a conical sampling
head mounted on the end of a semi-flexible shaft which is driven by a
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traveling feed mechanism inside a tube. The design objective was to make
the feed mechanism a self limiting device which would automatically adjust
the feed rate to the strength of the soil being sampled and the maximum
applied thrust to a value not greater than 20 pounds. The sample collected
in the head was to be delivered into the landed capsule by reversing the
feed to retract the sampler to its stowed position at which point it would
go into a high speed spin thereby transferring the sample by centrifugal
force from the conical sampling head to the soil receiver. In order to
achieve the high speed spin, a dual output gear train is used and engaged
selectively by either an overrunning roller clutch or a friction clutch

to produce the desired rotational speed.

The sequence of operation for this sampler is shown schematically in

figure 4-1. The entire sampler is contained inside a tube which is mounted
on the landed capsule or payload. The length of the tube is dependent
primarily on the distance the opening is located from the ground and the depth
to which it is desired to sample. The length of the tube in this prototype
was sized to fit into a 5 foot diameter capsule and to reach the surface
when this capsule is situated on a surface with + 15 degrees of slope as
shown in figure4-1 . This geometry was assumed to provide some basis for
selecting the tube length of 30 inches which can be any arbitrary length
desired. Returning to figure 4-1, the sampler in the stowed position con-
sists of the following major subassemblies. At the top of the tube is the
motor carriage consisting of the motor and 8 spring mounted rollers. These
rollers are preloaded to a normal force of 50 pounds each against the tube
walls so that axial movement is allowed but rotation of the carriage is
restrained., The motor torque is reacted at these rollers while at the

same time allowing the carriage to travel along the tube., The gear box

of the motor carriage is connected to the canted feed roller carriage
through a spring loaded coupling, which keeps the friction clutch for high
speed spin normally disengaged. The gear box provides a coaxial output

at 20 rpm and 475 rpm. The low speed output is permanently engaged with
the canted feed roller carriage which in turn is engaged to the shaft
through an overrunning roller clutch, A friction clutch mounted between
the end of the sampler shaft and the highspeed output of the gearbox is
only engaged when the canted feed rollers are driven in reverse and the
motor carriage is stopped against the upper end of the tube. The advance
of the feed mechanism collapses the spring loaded coupling allowing the faces
of the friction clutch to engage. The overrunning clutch allows the shaft
to rotate at the higher speed. These clutches are shown schematically in
the spin/dump mode of figure 4=1,

The canted feed roller mechanism operates on the principal that the canted
roller describes a helical path inside the tube thus causing it to advance
along the tube in a direction dependent on the direction of rotation of the
carriage. The canted rollers are mounted eccentrically on the end of
torsion bar supports so that as load is applied to the sampler, the torsion
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bar allows the rollers to deflect to a smaller cant angle thereby reducing
the feed rate while simultaneously providing an axial thrust on the
sampling head in porportion to the resistance offered by the soil surface
encountered. The rollers are preloaded against the tube walls by placing
the torsion bar in bending to provide the necessary normal force so that
axial slippage is prevented when full thrust is achieved. Thus, the tor-
sion bar supports for the canted rollers are working under a combined
loading of bending, torsion, and axial compression or column action.

The sampling head is attached to a torque tube drive or shaft approximately
18 inches long. This was designed to be long and slender so that it would
have a certain degree of flexibility which is desired to allow the sampling
head to deflect as required to find the most favorable entry into a rubble
soil model., It also allows the unbalanced sampling head to deflect far
enough to strike the walls of the transport tube during the high speed

spin thereby introducing agitation or vibration to assist in unloading the
soil sample from the sampling head. The sampling head consists of a 2 inch
diameter cone with a cone half angle of 60 degrees. At the apex of the
sampling cone is located a spring loaded conical tip auger which serves to
act as a center for the sampler to stabilize it during the initial contact
with the surface. It is spring loaded so that the majority of the tip can
retract into the conical sieve in the event a very hard surface is encoun-
tered. This will allow the conical sieve to come into contact with the
surface and start collecting a sample more quickly. The complete collec-
tion head is shown in figure 4-3, Above the conical abrading sieve is
located a conical shaped cover which contains a chamber in which a weight
is housed to unbalance the head to induce agitation during the high speed
spin dump of the soil sample, as was mentioned previously. This conical
cover also serves to prevent rocks or fragments from lodging on the upper
surface of the conical sieve, thereby preventing the sampling head from
jamming in the tube on the sample return. This represents a variation which
was not shown in the original concept as shown for sampling concept 8B-2 in
Appendix B but was determined to be necessary to prevent failures due to
jamming caused by pebbles or stones.

The remaining subassembly is the soil sample collector or receiver. Since
the exit slit can allow small pebbles approximately one eighth of an inch
in diameter to enter the sampling head from the side, it was felt necessary
to incorporate a 1 millimeter mesh screen to separate the pebbles from the
particle less than 1 millimeter in diameter as was stipulated in the sample
requirements. The collector configuration is shown in figure 4-4., The
screen and collection plate are inclined at a 15 degree angle. Thus, as
the soil is delivered into the collector by centrifugal force during the
spin~dump, it falls onto the screen. The agitation caused by the unbalanced
sampler head also causes the soil to fall through the screen and migrate
toward the delivery chutes, as well as assisting in the dump operation.
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Electrical power is fed to the traveling motor through two beryllium/

copper tapes wound on small drums located above the end plate of the support
tube. As the sampler progresses down the tube, the tapes are deployed off
the take-up drums. These drums are attached to a small spring motor which
is wound up as the tapes are deployed. The shaft of one of the tape drums
is threaded in which runs another threaded shaft. As the tape drum

rotates, the shaft extends until it actuates a limit switch when the sampler
has reached the limit of its travel. This causes a relay to latch revers=-
ing the polarity of the current to the motor. This in turn reverses the
motor and the direction of rotation of the canted feed roller carriage
causing the sampler to travel back up the tube. The wiring schematic
diagram is shown in figure 4-5.

To summarize the design of the vertically deployed conical abrasive

sieve sampler, a step by step sequence of events is listed in Table 4-1,
The mechanics of providing the predetermined time intervals have not been
incorporated in the prototype design, but could easily be done by the addi-
tion of a simple cam actuated timer.

TABLE 4-1
SEQUENCE OF OPERATIONS
Vertically Deployed Conical Abrasive Sieve Sampler Prototype

1. Sampler sequence is command initiated by turning on power to
the motor,

2. The sampler travels down the support tube until the sampling
head contacts the surface. If no surface contact is made the
sampler travels to the limit of its stroke at which point a
limit switch activates a relay to reverse polarity of the current
to the motor thereby reversing it. This causes the sampler to
return to the stowed position.

3. If the surface is contacted, the sampler continues to collect
for a predetermined time interval or until the limit switch
is reached. When either of these events occur, the current
polarity is reversed as in step 2 and the sampler returns to its
stowed position.

4, When the sampler reaches the stowed position, the motor
carriage travel is stopped by the end plate of the tube. The
canted feed roller carriage continues to advance overriding
the spring preload until the friction clutch engages causing the
sampling head to spin at a high speed transferring the soil to
the collector.

5. The high speed spin is maintained for a predetermined time
interval agitating the collector and transporting the soil to
the delivery chutes. At the end of this interval the power is
turned off which recycles the sampler to its original start
position from which another cycle can be initiated if desired.
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The vertically deployed conical abrading sieve sampler prototype weight is
7.35 pounds, A weight breakdown by subassemblies is given in Table 4-II.

It is estimated that two to three pounds could be removed from the exist-

ing design by carefully optimizing the various components.

VERTICALLY DEPLOYED CONICAL ABRASIVE SIEVE
SAMPLER PROTOTYPE WEIGHT SUMMARY

Component Weight
Motor 72 ‘
Motor Carriage and Tape Take=-up Mechanism 1.99
Sampling Head & Canted Feed Roller Assy, 1.15
Support Tube 1.84
Soil Collector Assy. 1,65
Total 7.35

4,1,2 FABRICATION

The completed subassemblies of this sampler are shown in figure 4-6, The
assembly on the left is the sampling unit which consists of the sampling
head, the drive shaft, the canted feed roller carriage, the motor car-
riage, and the tape take=-up mechanism, Three different conical abrading
heads are shown, The one mounted in the sampling head has two carbide
blades brazed onto the cone adjacent to a radial slot. These are located
180 degrees apart, Adjacent to the sampling head are two other cutters,
One of these has ,125 diameter holes distributed over the entire surface,
The other has ,062 diameter holes located in 4 radial lines 90 degrees
apart, The latter cone was also machined to a thickness of ,005 inches
rather than the ,032 inches used on the other cutters,

Next to the sampler is located the support tube in which the sampler runs.
At the lower end is located the soil sampler collector or receiver.

Figure 4-7 shows the sampler in the support tube in a partially extended
position.

The most complicated assembly is the gearbox located on the end of the motor
carriage which converts the motor output to a two speed coaxial output.

A two stage planetary gear drive with an overall ratio of 17.5:1 reduces the
motor output of 375 rpm to 21,5 rpm., On the initial assembly it was dis-
covered that the rotation of the high speed spin shaft was in the wrong
direction for the overrunning clutch to release. An additional gear train
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FIGURE 4-7 VERTICALLY DEPLOYED CONICAL ABRASIVE SIEVE SAMPLER ASSEMBLY
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was incorporated to reverse the rotation of the high speed spin shaft.

The overall ratio of this gear train is 1.27:1 resulting in a final

output spin of 475 rpm of the high speed output shaft, The overrunning roller
clutches are commercially available item which performed very reliably.

The size of the clutch used in this sampler is very small. The clutch

fits on a .25 diameter shaft and runs inside a .625 diameter housing.

The rated torque capability of this sampler is approximately 20 inch pounds
with a break away torque of 80 inch pounds. In order to reduce the load
on each clutch, two clutches in parallel were used. Initially, these
clutches ran in an aluminum housing. During an early run the clutches
froze in the housing., On dissassembly it was discovered that a thin wall
produced by external machine cuts had broken through. A hardened steel
insert was pressed into the canted feed roller carriage to form the clutch
housing eliminating this problem.

The motor carriage is supported in the tube by eight rollers. Each roller is
a miniature ball bearing mounted between two beryllium/copper springs which
preload the roller against the tube wall. Each pair of springs are supported
at the center allowing a roller to be cantilevered in both directions from
the supporting ring. No problems were encountered in this assembly. The
motor carriage moves freely along the axis of the tube with no tendency to
slip or rotate when a torsional load is applied. Some slight brinelling

of the aluminum support tube was noted at the edges of the rollers; however,
this was not severe enough to cause any problems in operation.

The major problem area encountered in fabrication and assembly was en-
countered in achieving the requisite end fixity and adjustment of the canted
feed roller torsion bars. The original design relied on a press fit at
either end of the .093 diameter beryllium/copper torsion bars. This proved
to be inadequate and did not allow for adjustment of the canted roller
position. It became apparent that this adjustment was fairly critical.

If too little preload was achieved on the canted roller, axial slippage
occurred at less than the desired thrust., If too much preload or unequal
preload was achieved, either torsion bar breakage or yielding at the support
points occurred. The torsion bar failure occurred as shown in figure 4-8,
The failure can in part be attributed to the very small fillet radius
initially used. In order to increase the traction of the canted feed
roller for a given preload, the original ball bearing roller was replaced
with a steel roller machined with a slight crown. This crown was knurled
with a medium diamond knurl to provide a tread. The results of this change
produced the requisite traction although the tread on the roller embosses
the surface of the aluminum tube., The fixed end of the torsion bar was
redesigned so that radial adjustment could be made by shimming and the

cant angle could be adjusted continuously from zero to 15 degrees. 1In
order to assess the relative importance of roller preload and cant angle

on the operation of the sampler feed mechanism, a series of runs were made
to measure the axial thrust developed and the unrestricted rate of travel.

The data collected are listed in Table 4- III. These characteristics are shown
in the curves in figure 4-9,
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TABLE 4-111

MECHANICAL CHARACTERISTICS OF VERTICAL SAMPLER FEED MECHANISM

Run Roller Roller Force Time/ Inches/
Lbs Angle Preload Lbs 6'" Travel Min
1 50 .027 15.4 17.5 21.2
2 5 15.2 sec
3 5 15.1
4 5 15.0
5 10° .027 18.25 13.5 26.7
6 10 18.75 sec
7 10 18.75
8 10 18.75
9 15° .027 20.25 9.4 38.3
10 15 19.75 sec
11 15 19.75
12 15 19.50
13 59 .032 13.75 32.7 11.0
14 5 12.00 sec
15 5 12.25
16 5 12.50
17 10° .032 19.75 16.0 22.5
18 10 20.25 sec
19 10 20.00
20 10 20.50
21 159 .032 21.75 7.5 48.9
22 15 20.50 sec
23 15 21.75
24 15 21.75
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It is seen that increasing the preload actually reduced performance for the
smaller roller cant angles. This is probably due to the nonlinear deflection
characteristics of the torsion bar under combined loading and cross coupling
of deflections between the bending mode and torsional mode. The roller

cant angle of 5 degrees with a roller preload deflection of .027 inches was
selected as the operational adjustment to be used in the evaluation testing.
With these adjustments an axial thrust of 15 pounds and an advance rate of

20 inches per minute is achieved which were considered to be sufficiently
close to the initial design objectives.

Four conical abrading sieves or cutters were fabricated as listed in
Table 4-I1V,

TABLE 4-IV

CONICAL ABRADING SIEVE TYPES

Type Description

1 .062 wide radial slot 180°apart. Carbide blades onto trailing
edge of slot.

2 .072 diameter holes arranged in.4 radial lines 90° apart,
Trailing edge upset outward and leading edge upset inward.

3 «125 diameter holes arranged in a random pattern over the
surface of the cutter, Trailing edge upset outward,

4 Tungsten carbide grit brazed over surface of cone with ran-
dom patterns of .040 diameter holes,

Of these four conical abrading sieve or cutter types, only 1 and 2 were
evaluated in the test program discussed in paragraph 4.1.3, Cutter type

3 was machined from 4130 steel and heat treated., This cutter was found to
be deficient in two respects, Firsty, the hole size was much too large

and allowed the sample to run out during retraction., Second, the hole
pattern did not provide a cutting edge over the entire surface, parti-
cularly near the center., As a consequence, a bearing surface is established
and all further advance of the abrading head is halted in cemented soils
such as hardpan,

Cutter type 4 was machined from stainless steel, In the attempt to braze

the tungsten carbide grit to the stainless steel, a low melting point eutectic
alloy between the braze material and the stainless steel was formed result-
ing in a badly deformed and cracked part. Although other methods and
materials are available with which to fabricate such a part, no further
attempts were made to fabricate this cutter. No difficulty was encountered
in the fabrication of cutter type 1 except that the cutting edge was not
carried sufficiently close to the center or the outer edge. This again



left bearing surfaces which could halt the advance into cemented soil.
The carbide blades were extended to the inner edge of the cavity provided
by the tip auger to eliminate this bearing surface. 1In preliminary runs
in vesicular pumice, sufficient torque was generated to cause the torque
tube to slip on its staft to which it was attached by a collet type of
chuck., The torque tube shaft was modified so that it was pinned to the
drive shaft to prevent slippage. The height of the carbide blade was
also ground down to provide a cutting edge .032 inches deep to reduce

the amount of material being cut in a single pass.

Cutter type 2 was machined from 4130 steel and heat treated. The hole
patterns were located on 4 radial lines 90 degrees apart. Each alter-
nate set of holes were staggered with respect to the other in order to
provide a continuous cutting surface from the center to the edge of the
cutter., The thickness of the conical surface for this cutter was reduced
from the .032 inches used on the other types to a thickness of .005 inches.
The intent was to provide some flexibility to allow the cutter to conform
somewhat to the surface being sampled. Also, the thinner material

at the holes was felt to provide an easier entry by the soil particles
which had been abraded from the surface. The four cutters are shown in
figure 4-10.

4,1,3 PERFORMANCE EVALUATION

The performance evaluation testing of the vertically deployed conical
abrading sieve prototype was accomplished using cutter types 1 and 2
previously described. Thirty eight test runs were completed as defined in
the test matrix shown in figure 4-11,

The first eight runs were made to evaluate the effect of slit width opening
on performance. The last two runs were made to evaluate the need for
spring loading the centering tip. The first four runs in compacted silt
produced twice the volume of sample at 4 mm than it did at 2 mm slit

width opening. Since the enclosed volume did not double, the narrower
slit width prevents the sampler cavity from completely filling during
sampling. No appreciable differences were noted in the effect of slit
width in the sand model. Collection of sand for both sampler types was
poor due to sand running out of the slots and holes during retraction of
the sampler. Either smaller openings or some sort of spring valve will

be needed to retain the sample in the sampler. In the case of cutter

type 2, locating the abrading holes at 180 degree radial lines rather than
90 degrees would also improve its performance in sand.

The initial radial clearance between the sampler hood and the tube, in
which the drive mechanism runs, was .005 inches, In these early tests,
binding between the hood and the tube occurred due to entrapped soil

particles. The diameter of the cutter head was reduced by .060 inches.,
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This not only eliminated the binding but allowed the head to vibrate or
bounce off the tube wall due to the unbalance caused by the loose weight

in the hood., In the case of silt which is quite heavily compacted in the
sampler head, this vibration greatly reduced the time required to spin dump
the sample. A test run with a slit opening of 1,375 inches was made in
silt. A total of 44.5 grams of soil was collected in 15 seconds of actual
digging time, Thus, the hood design actually limits the total size of
sample which could be collected, This suggests a hood design which pro-
vides a larger volume above the slit for soil to collect in.

All subsequent test runs were made using a slit width of 4 mm and a fixed
centering tip except for runs 37 and 38 which used a spring loaded tip.

The effect of the spring loaded tip is important only when sampling a

hard cohesive surface such as hardpan., It allows the cutting edges to reach
the surface more rapidly thereby wasting less time. A probable design
improvement would be to provide a very short fixed centering tip since it
does not appear to be needed except on hard surfaces. It was noted that
sampling on the hardpan surface produced an equivalent amount of loose

soil around the hole as was collected by the sampler.

The average drilling power required is summarized in figure 4-12 which is
seen to vary from about 9 watts on hardpan to 13 watts in rubble, The
slightly higher power required in the particulate soil models is probably
due to the friction load acting on the sampler head and hood since the
sampler buries itself rather quickly in these models. No significant
difference in the power requirements for cutter types was noted.

At periodic intervals during the testing, the drive mechanism was taken
from the tube and measured across the rollers in order to detect wear or
permanent deformations. No significant changes were noted. The tube
itself did show significant changes in that the knurled rollers produced
considerable texturing of the surface, particularly where advancement was
halted by the surface being sampled. During test run number 17, it was
noted that aluminum flakes fell out of the tube onto the surface. This

was not noted on the preceding runs in which the sampler advance into the
soil model was more rapid. 1In runs 17 through 20, this flaking continued
and a plot of hole diameter made in the hardpan by the sampler showed
decreasing size in successive runs. This is shown in figure 4-13,

This indicates that tube wear is much more rapid on the hardpan model than
in the particulate models. This increased wear is due to the fact that the
feed rate is so low, the canted rollers run over the same surface repeatedly,
This does not occur in the particulate soils such as sand or silt. The use
of other tube materials such as steel or fiberglass can probably eliminate
or reduce this effect.
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After the completion of test series number 20, the canted roller head
diameter was checked and found to be 2,805 inches, which was what it was
prior to the start of test run 9. The angle of the rollers was also found
to be within tolerances. The problem of breaking torsion bars appeared

to have been solved by increasing the fillet radius at the shoulder of the
torsion bar where it mates with the roller mount.

A visual inspection of the inside of the tube showed heavy brinelling in
the areas where the canted rollers acted during the first 23 complete
digging cycles. A check was made of the diameters of this tube every
inch over its length. These measurements were made using "Intramic's,"
three point micrometers. The largest diameter difference was found to

be ,001, however, it is felt that the three point micrometer will average
local small variations such as those caused by the knurled canted rollers.
A check of force available in those localized areas showed an available

force of 8 to 10 pounds as compared to the original 15 pounds before the
tube was worn,

The tube was replaced after run number 20 to complete the test matrix.
Runs 21 and 22 were actually performed last with runs 35 and 6. This
was done in order to collect a maximum amount of data before attempting

to sample the rubble model since this model was felt to be most hazard-
ous to the sampler,

The test results obtained in the rubble models were most interesting. The
sample was prepared as indicated in Table 4-V. For each sampler cutter
type, the sampler was defeated once and succeeded once. In one case the
sampler came down on a boulder or rock and subsequent progress was

stopped. Inanother case the sampler came down on the edge of a rock forcing
it down. This allowed the sampler head to deflect to the side enough to
enter the rubble, This sequence is shown in figure 4~14., On entering the
rubble the rock was pushed aside and another large rock fell in behind the
hood. The two rocks acting as a toggle trapped the sampler preventing

its return., A sample was collected but not delivered.

An interesting characteristic of the sample collected in the rubble model

is that more sand than silt was collected although equal parts of each by
weight were mixed together uniformly., The detailed compositions of the soil
models are given in Table 4-VI, The soil particle size analysis for the
collected sample and residual abraded soil around the hole is given in
Table 4-VII for cutter no, 1 and Table 4-VIII for cutter no. 2. No
interpretation as to why more sand was collected is attempted.

The final results of the testing is presented in figure 4-15 in terms of
soil collection rate for the various soil models and cutter types. The
soil collection rate was determined by dividing the total sample collected
by the actual digging time. This time varied with the model used. The
digging time for the hardpan was 5 minutes in each case, The dig time for
the other models was determined when a penetration into the soil of 2,625
inches was achieved.
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TABLE 4-V

SOIL MODEL PREPARATION

Model No, 1 - Compacted Silt

Composition:

Preparation:

Compacted crushed olivine basalt, grain size <325 mesh
(<44u); grain shape very angular, cohesion obtained by
packing and grain interlocking.

Soil model prepared in a l-gal tin can; cohesion obtained by
tapping on a solid surface 25 times from a height of approx-
imately leinch,

Model No. 2 - Cohesionless Sand

Composition:

Preparation:

Cohesionless Nevada No, 60 natural dune sand, grain size
range as follows (Percent by weight):
0,6% retained on a No, 30 standard sieve (5951)

7.7% " " " No. 40 (420u)
18,3% " " " Nos 50 (2974)
29,0% " " " No, 70 (210w1)
33,7% " " " No, 100 (149u
9,0% " " " No, 140 (1051)
1,77% through No. 140 sieve (<100W)

Grain size range: 91.6% <300n and 89,3% >150ik;

Mean grain size: 2504 (60 mesh)

Soil model prepared in a l-gal tin can; prior to initial
test and between tests loose packing was achieved by
rolling the can through at least four complete revolutions,
carefully righting it, and carefully raking the sand sur-
face flat,

Model No, 3 - Hardpan

Composition:

Preparation:

Simulated cemented hardpan, mised as follows (materials
in percent by weight):
44.67% Nevada No, 60 sand, as above (Model No, 2)
42,47 Ottawa No. 398 silt, grain size 100% <44u

11,9% Common cement

1.17% Hematite silt dye, grain size 100% <44u
The bulk dry materials were completely mixed, water was
added until a consistence of bulk cement was obtained,
then one gallon tin cans were filled one-=half full with
wet mixture, Model was allowed to harden for 2 months,

Model No., 4 =~ Rubble

Composition:

Preparation:

Randomly mixed rubble composed of the following materials
(percent by weight):
25% Natural olivine basalt cobbles, sized to 12.5 cm
25% Crushed olivine basalt pebbles, sized between 1,25

and 2,5 cm
25% Crushed olivine basalt silt, as above (Model No, 1)
Rubble mixture was prepared in a 7 x 7 x 7 inch box with a
lid. Betwgen tests rubble was randomized by rotating box
through 90~ four times with the box turned 90 prior to
each rotation; a final tap from a height of approximately 1
inch as the box was returned upright served to level the sur-
face; and each sample was taken from the exact center of the

box,
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TABLE 4-VI
PARTICLE SIZE DISTRIBUTION ANALYSIS

Sieve Analysis of Material Collected From Tests Conducted on Soil Model No. 3
(Hardpan)

Summarv of Hardpan Tests Weight of Soil (in grams)
Test . Cutter Head Spin Residual Soil
No. Type Dumped Around Hole
17 1 1.50 2,35
18 1 0.60 1.60
19 1 0.35 1.05
20 1 0.35 0.90
37 1 5.60 4,40
38 1 3.25 2,95
Total- 11,65 13,25

Sieve Analysis of Material Collected From Tests Conducted on Soil Model No, 4
(Rubble)

Cutter No, 1 1 2
Test No, 21 22 36
Fraction recovered

(by weight in grams)

Basalt chips : Trace Trace None
Sand (Nevada No, 60) 24,80 22,90 22,15
Silt (Crushed basalt) 12,80 17.50 11,10
Lost in sieving 0.40 0.45 0.15
Total collected 38,00 40,40 32,40
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TABLE 4=-VII
SIZE ANALYSIS OF SOIL FOR CUTTER NO, 1

Spin Dumped Sample

Weight of Soil Particle
(in grams) U.S. Standard Sieve Size

0.04 Retained on No. 10 >2 mm
0,02 No., 18 1 mm
0,06 No. 35 500
1,42 No. 60 250
2,87 No.120 250p
1.28 No.230 63
3.30 No.325 444
2,56 Through No.325 <444
0.10 Lost in Sieving

Total 11.65

Rasidual Soil Around Hole

Weight of Soil Particle
(in grams) U.S. Standard Sieve Size

0.15 Retained on No., 10 >2mm
0.30 No. 18 1 mm
0,57 No. 35 5001
2,52 : No, 60 2504
4,59 No.120 1251
1.45 No.230 631
0.67 No.325 44
2.95 Through No.325 444
0.05 Lost in Sieving

Total 13,25
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TABLE 4-VIII
SIZE ANALYSIS OF SOIL FOR CUTTER NO, 2

Spin Dumped Sample

Trace (2 particles) Retained on No. 18 >1lmm
0.07 No. 35 500
0.55 No. 60 250u
1,31 No.120 125w
0.48 No.230 631
0.44 No.325 444
0.9 Through No.325 <444
0.05 Lost in Sieving

Total 3.85

Residual Soil Around Hole

Trace (2 particles) Retained on No, 10 >2mm

Trace (12 particles) No. 18 1mm
0,05 No, 35 500
0.08 No. 60 2504
0.41 No,.120 125
0.18 No ,230 631
0,03 No,.325 444
0.26 Through No,325 44
0.04 Lost in Sieving

Total 1,05
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It is seen from figure 4-15 that the highest collection rate was achieved
in model 1 (silt) and model 4 (rubble), The sand (model 2) was low
because most of the sand ran out of the sampler head on the return trip.,
The hardpan (model 3) is low because of the high resistance to abrasion
encountered. The largest total samples of about 25 grams were achieved in
the silt and rubble models., The sample size for hardpan was in the order
of a gram. If the sampler heads are modified to retain the sand, collec-
tion should be as high as for silt.

Another interesting result of grading the abraded material is that the
hardpan particle size distribution achieved by abrasion was the same as
the particle size distribution used in the constituents before bonding
and curing the model,

4,2 HORIZONTALLY DEPLOYED ROTATING WIRE BRUSH/ TELESCOPING BOOM PROTOTYPE
4,2.1 DESIGN

This sampler prototype is inherently a more sophisticated and hence
complicated design. The basic requirement for this sampler was to have

the capability of being deployed over the surface in a horizontal direction
from the payload and sampling at various points on the surface. The actual
design evolution was supported by breadboard testing of various components
of the system. These breadboard tests are discussed in Section 3.0. This
sampler prototype design can be broken down into two distinct parts or
assemblies., One is the rotating wire brush sampling head and the other is
the telescoping boom and support assembly. The complete assembly is shown
in figure 4-16 and figure 4-17., 1In order to develop the design approach
used for this sampler, the operational sequence is described step by step
in Table 4-IX, This sequence is shown schematically in figure 4-18, It
should be noted that the schematic diagram and operational sequence do

not include a snubber system incorporated into the engineering prototype

in order to reduce the load on the elevation gear train. The snubber
system would not be required on the flight hardware since the reduced gravity
of Mars would not overload the gear train,

At this point, it is worthwhile to note that the type of boom used with this
sampler does not necessarily have to be a pneumatically deployed telescoping
boom. During the conceptual design phase, mechanically furlable booms were
investigated in detail parametrically and appear to offer some advantages

as was discussed in Section 2.3.1,

4-31




PO33854 SAMPLER MSY

EXTEKON AND ELEVATION
DRWE MOTOR.

SAMPLER DRWE MO ToK
' ¢
| d

e

¢ o=
« 3!
TeLgsLorue TS
CinenTy PORAE Guie

POIIOLY conTaT AY

TAPE  COUNGLTING  PINS
PO10LES Thre AT
VAKEAVAL  BLOWER,

PPIOCSL VALVE MTY

POI0LEZ IMAFT

weerion e A
———

4-32-(

—

vo3esL

PD3385t Tare Ass?

7~ PDIOGLS GRAR ASSY- EXTENSION
T TPLT GeAR msY- EiiviTion

PDIOKTZ SARET ASSY

FO30Le1 CLUTCH MIT-ELEVATION

PDI3ESS MAMIFOLD AGSY

PDSOIOY BASE st

POIUT TAPE

SEANTY _pyme
SO CobLETTOR,



PD30TI6 cYLIDER
oI SCARW

P2 3017 S Tou Amt

s3act s390
RIS

MSB0L) - 80 SET SCEEW
fa ety

PR BT

\ = $930115 CRANK
N ¥ POEIT PLATE axst
J APIIST T0€6X TO SLir
\ AT 100 wi CaY)

\
} P03 1 CLUTeR Mt

Wire
CLAMP_ D 33892 RETMWEE WIPLACE
/ AR A A N S

MPLE R K3T-
POIOLN =T TURE ASSY
PU30TSI- 4 ek ASSY
POS0TIN- 1t TN MsY
POIOLIIIT TUBE MY
PPIOLUE TIBE ASSY
rersco WUt P030281-17 TRE ASIY
PO3O2Y\ Y TUBE ASIY
/-—«rasous TuBE AsSY
/

POBOUT  PRTON KsY

"0 UE CfLinDER,

319A00-4 MOTOR.

/ L—ns - e iy
/ MIIATM CAP SerS / // P en

Py
INTALL FLUSH SIDE ADD
WTIBE 4 PALES

A
\J‘ \\\———Msssuu»r. AP scred
2 Fiaces

PPIOTTA CRANK POIBT wovuT

1BAI040 BLOwRE

P

PO 30656 NASIAK KH— POISET NUT

;MEISAST I8 CAP Sclew
T PLACES

///r_..,,,.,.w,m
/ — Possess MuhfoLD Asst
/

D382 RETAVER

PONSEY GUARD

AN STy S
2 racEs

— PD16709 BASE ASSY

P00l COLLECTOR ASSY
‘o NT CYCLONE cotirctax
- PR resgﬁ%":w (PRGN

v ™
PO STAN Wooh

FIGURE 4-16 ROTATING WIRE/BRUSH TELESCOPING
BOOM CONFIGURATION

4=32 =2



4-33

FIGURE 4-17 ROTATING WIRE BRUSH/TELESCOPING BOOM PROTOTYPE SAMPLER




TABLE 4-IX

ROTATING WIRE BRUSH/TELESCOPING BOOM SAMPLER
PROTOTYPE OPERATING SEQUENCE

On command the power is turned on and pneumatic pressure is
applied to the boom. The rotation of the tape deployment gear
train closes a valve at the base of the boom and the rotation

of the wire brush gear train closes a valve at the tip of the
boom. This seals the boom allowing it ti be pressurized.

The appropriate gear train is engaged by means of an overrunning
clutch to feed the tapes at the proper rate to control boom
deployment. Full deployment is achieved in approximately a half
a minute.

While the boom is extending, another overrunning clutch engages
the elevation gear train causing the boom to be erected to

a vertical position.

When extension and erection are complete, a switch driven through
a gear train from a tape deployment drum is actuated reversing
the current polarity to the motors. Reversal of the motor
rotation opens the valves at each end of the boom allowing a
pneumatic flow to be established through the sampler and boom
into a cyclone collector.

Retraction of the boom is initiated at the rate of one foot per
minute and the sampling head lowered to the surface at a con-
trolled rate by the elevation gear train. When the surface

is contacted, the elevation gear train is automatically released
by the overrunning clutch,

The sampler is drawn over the surface along a radial line at one
foot per minute with the wire brush rotating. Small or fine

soil particles are transported continuously during thisoperation
into the cyclone collector. Simultaneously, larger particles are
collected in a soil collection chamber incorporated in the sampler
head.

When retraction of the boom is completed, the polarity reversing
switch is again actuated causing the initial erection cycle to

be repeated. When the vertical position is reached and the
valves reopen, the soil collected in the sampling head is dropped
down the tube to be delivered in a gravity dump mode.

As the boom reaches the vertical position, it depresses a
plunger which acts as the vertical stop. This in turn depresses
a stop pin which will allow a spring drive to rotate the boom
support base to a new azimuth position before the sampler is
lowered to the surface again. Sampling cycles are repeated
automatically until interrupted by command.
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The decision was made that the furlable boom would pose a development
problem which would be beyond the scope of this contract. Although a
variety of furlable tapes have been made in lengths up to several

hundred feet, they have been intended for space applications with very little
structural strength requirements. These furlable tapes are open tube
sections which are exceptionally weak in torsion. For an application such
as a boom to support a soil sampler on Mars, the tape geometry will require
the lowest permissable tube diameter to wall thickness ratio. The para-
metric studies show that the lowest ratio would be obtained with a fiber-
glass tube., Since such a tube has not been manufactured to date, it
represented a fabrication development problem beyond the scope of this
effort. A preliminary design concept for a double furlable tape in which
one is folded inside the other was completed and is included in appendix

C as drawing number PD25179., The fundamental idea behind the double
furlable boom was to achieve some degree of torsional strength through

the shearing friction forces existing between the tape surfaces where they
contact each other,

To further explore the possibilities of using a boom which had already been
developed, a trip was made to General Dynamics/Convair and Ryan Aeronautical
Company in San Diego to review their efforts in this field. The results of
this investigation are reported in Section 2.3.1, Since no boom was commer-
cially available, the design decision was made to utilize a pneumatically
deployed and mechanically retracted telescoping boom for this sampler
prototype. In order to provide torsional stability and strength, the teles-
coping segments of this boom were required to be keyed together to prevent
rotation about the axis of the boom. This is necessary so that sampler
orientation with respect to the surface is predictably maintained, The
design approach was to utilize available aluminum tubing that was made

in a .058 inch wall thickness and stepped down in diameter in .125 inch
increments. This resulted in a heavier boom than necessary, but was felt

to be justified in terms of keeping fabrication costs and time to a

minimum., A nine segment boom with 16 inch long segments was selected as
being adequate to demonstrate the concept and satisfy the intent of the
contract, This results in a boom which can extend to a total length of ten
feet. The amount of overlap between tube segments was arbitrarily chosen

to be twice the diameter of the larger telescoping segment. The adequacy
of this overlap was demonstrated in some preliminary tests which will be
discussed in the next section under fabrication. In order to allow the boom
to operate without organic lubrication, teflon inserts were incorporated

at the inner and outer surface at each end of the telescoping segments.,
Thus, the sliding interface is between a teflon and metal surface.

Another advantage of using teflon inserts is that the breakaway and sliding
friction is essentially the same. This characteristic should assist in
providing a smooth deployment action to the boom,
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Reliability and minimum weight were considered to be fundamental require-
ments in the design of the gear train and mechanism to control boom
extension, elevation, and pneumatic valving. In order to maintain weight

at a minimum, it was decided to use only one drive motor to provide power
to the extension control tape drums and the elevation gear train. The
block diagram for the basic gear train is shown in figure 4-19. 1In essence,
this gear train represents a mechanical programmer which automatically
provides the logic to perform the correct sequencing of functions. At the
time that this gear train was designed, the criteria being observed was a
requirement for a quick erection and deployment to the surface followed

by a slow traverse over the surface. In retrospect, a closer examination
of the block diagram indicates that a large degree of simplification could
be achieved by extending and retracting at the same speed. This would
eliminate the overrunning roller clutch on the extension gear train,
although the latter might desirably be retained for safety purposes should
the sampling head become lodged against an obstruction., Another advantage
to this arrangement would be that a one to one gear ratio for valve actuation
could be achieved by converting the extension gear train to a valve drive
gear train. This would result in a faster opening action of the valve which
is desirable from the standpoint of the gravity dump mode of delivering a
soil sample. The valve currently closes in .072 seconds but requires 1,8
seconds to open. This is equivalent to a boom rotation from the vertical
of about 11 degrees. This change would mean that the elevation reaction
torque slip clutch would have to slip for about 10 revolutions if the
existing retraction gear ratio and elevation gear ratio is retained.

The reaction torque slip clutch has been incorporated to accomodate the
unknown or variable elevation angle to be traversed. The angle traversed
from the extreme down position to the vertical is 140 degrees. Since it
will probably be desirable to stow the sampler in a horizontal position and
since the surface conditions at the terminal position of the sampler

on the ground can vary, the slip clutch was incorporated to allow the
elevation gear train to keep driving after the vertical stop position is
reached, The vertical stop position will be reached before extension is
complete when the boom starts from some position above the extreme down
position,

Another option which was investigated in the design which could possibly
simplify the boom is the use of another set of thin walled telescoping
tubes concentric with the outer structure tubes to form the pneumatic
transport tube. Two advantages of this arrangement would be the elimina~
tion of the valves at either end of the boom and a pneumatic transport tube
with a less diverging cross section. This would allow the boom to be pres-
surized in the annular space between the two concentric sets of tubes and
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and would shield the structural sliding joints of the boom from

soil particles. The inner set of tubes was not incorporated into the
design because they would have to be extremely thin walled (in the
order of ,003 to .005 inches wall thickness). These were felt to
present a fabrication time delay problem for the scheduled effort of
the program.

In order to check the strength of the boom, a 1.5 pound sampler was assumed
to be mounted on the end of the boom held in a horizontal position. The
shear, moment, slope, and deflection diagrams were determined as shown in
figure 4-20 for the boom extended in the horizontal position. The stress
levels in the boom were very low. Shear stresses did not exceed 50 psi

and bending stress did not exceed 2400 psi in the boom; however, it was
noted that a reaction torque of 350 inch pounds is imposed on the base
support structure and the elevation gear train. Since the pitch diameter
of the ring in the planetary elevation gear train is 2,083 inches, the load
reacted at the ring gear teeth is numerically equal to the applied moment.
A diametrial pitch of 48 was selected as a reasonable compromise between
gear size and gear tooth size, For this pitch, the allowable load per
tooth is about 50 pounds. Since the final stage has two planetary gears,
the total allowable torque that can be reacted is of the order of 100 inch
pounds. This is inadequate under earth gravity conditions because it leaves
about 250 inch pounds of torque to be reacted during deployment., This
excess torque is reacted with a pneumatic snubber system consisting of two
cylinder andpiston assemblies connected to the boom through cranks attached
to the supporting shaft. Initially, an attempt was made to use a spring
load toggle system to provide this snubbing action; however, the size and
force restrictions on the spring were not compatible. Figure 4-21 shows
the variation of reaction torque as a function of the deployed angle from
the vertical. It also shows the reaction torque with both types of snubbers
applied. This torque is that which must be reacted by the elevation gear
train. Figure 4-22 shows the variation of reaction torque as a function of
boom length for various elkvation angles. It is seen that the largest value
of reaction torque occurs when the boom is extended to ten feet and is in a
horizontal position. This reaction torque decreases as the boom is retracted
so that at some point the snubber torque becomes greater than the moment
caused by the boom and sampler. At this point the sampler would lift off
the surface. This was another reason for selecting the pneumatic snubbing
system since the pressure can be bled off after the sampler reaches the
surface thereby reducing the torque or moment provided by the snubbers
allowing the sampler to remain on the surface.

Since the overrunning clutches in the elevation drive gear trains transmit
power in only one direction to lift the boom, there is no positive force

Oor moment to start the boom down. In order to achieve this action a spring
loaded plunger was incorporated into the vertical stop to produce a restor-
ing moment. This plunger is also used to press the azimuth stop pin down

4-39



IN LBS

IN LBS

RAD

6

INCHES

L

B~

w

N

400

300

200

100

0.03

0.02

0.01

WA

L

1 )]

1.5 1bs

BENDING
MOMENT

110

) SLOPE
1

1 L 1 - 1 i 1 | i i 1 [l

T T T T Ll T T T T v LD 1

DEFLECTION

4 | 1 l | | | L ] | ! i

1 T T T T T T | L | 1 LR

10 20 30 40 50 60 70 80 90 100 170 120

LENGTH INCHES
FIGURE 4-20 BENDING CHARACTERISTICS OF THE TELESCOPING BOOM

4-40




REACTION MOMENT - IN-LBS

400

300

200

100

«~—————w. UNSNUBBED

~—— —— — — -~ SPRING SNUBBER
- PNEUMATIC SNUBBER

1.5 LBS

FIGURE 4-21

SAMPLING
REGIME
/
//
\\._4— - //
100 120 140

BOOM ROTATION (degrees)

REACTION TORQUE AS A FUNCTION OF DEPLOYMENT ANGLE

4-41




REACTION MOMENT (in-1lbs)

L, -
3"
==‘;—1_—___] 0}
‘ MR
1.25 LBS @ = ROTATION ANGLE FROM THE VERTICAL
400
0= 90°
f 1050
Y 120°
300 -
1 o
135
200 |- . 150°
FULLY
RETRACTED
— FULLY
100 |- EXTENDED
0 | L 1 1 1 L 1
0 20 40 60 80 100 120 140

DEPLOYED LENGTH (inches)

FIGURE 4-22 REACTION TORQUE AS A FUNCTION OF DEPLOYED LENGTH

4-42




in the support base allowing a spring drive to rotate the boom to a new
azimuth setting on the subsequent sampling run. Also, in order to soften
the action of the snubber near the vertical position, where they are not
needed, and to assist in providing a restoring moment to start the boom
down the snubber cylinder crank angles were located 65 degrees out of phase.
At the vertical or erect position one cylinder has gone 35 degrees past
dead center to produce a torque opposing the other cylinder which is 30
degrees before dead center. The combined effect of the vertical stop spring
and snubber action is shown in figure 4-23 for the final prototype design.
The shaded area represents the operating tolerance imposed by vertical
misalignment of the sampler with respect to the surface. The angle 9, is
the angle between the boom axis when in the erected position and the local
vertical., For this design the boom has a tolerance of + 7 degrees. 1If

the boom stops short of the vertical the tendency is to overload the gear
train during deployment., If the boom goes past the vertical, the tendency
is to trap it in this position since the moment produced by the boom weight
opposes the restoring moment of the snubbers and spring. It is noted again
that this is an earth gravity design condition. Under Mars gravity, the
snubber system is not required and the vertical tolerance will be greater,

The remaining design effort on this sampler prototype is concerned with the
rotating wire brush sampling head. Because of the high reaction torque or
moment encountered with the boom, it was very desirable to keep the weight
of this sampler to an absolute minimum since a weight on the end of the boom
contributes most heavily to this moment. For this reason a 3 inch diameter
brush was selected rather than the 4 inch diameter brush used in the bread-
board development. The speed of the brush was increased to provide the
same tangential velocity as was achieved in the breadboard tests. This
results in a brush rotational speed of 437 rpm which produces a tangential
velocity of 343 feet per minute. The final rotating wire brush design is
shown in figure 4-24. The use of sample inlet ports over a 60 degree seg-
ment 6f arc rather than the 160 degrees used in the breadboard was deter-
mined by examining the sampler head geometry with respect to the surface for
a 30 degree upslope, a 30 degree downslope, and a horizontal surface. It
was discovered that in all cases the initial contact was nearly 10 degrees
down with respect to the boom axis and changed as the boom is retracted to
a maximum of 50 to 60 degrees below the horizontal. Since it is impossible
to predict all types of surface conditions to be encountered, the location
of sample inlet ports over this segment of arc was felt to represent an
optimum compromise between simplicity and function. This also reduced the
number of inlet ports which allowed the pneumatic flow area into the sampl-
ing head to be made compatible with the flow area in the small diameter

of the transport tube. This serves to maintain a higher velocity flow
through the head where the soil is acquired. This area was not optimal

in the breadboard model; however, an order of magnitude increase in sample
size collected on the hardpan model was noted when pneumatic transport was
used,
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As was noted in Section 3.3, considerable power was dissipated due to the
internal configuration of the hood and the wire brush. The interim con-
figuration was revised to provide a minimum of contact between the bristle
ends and the side of the housing. Also, the soil entry ports were machined
so that a continuous rub strip is left on the inner edge, thereby eliminating
the condition where the abrading bristles fall into these ports and must

be forced out again during rotation. Because the breadboard testing with
pneumatic collection showed an order of magnitude increase in the amount

of soil collected on severe models such as hardpan, this sampler was de-
signed to provide both mechanical collection and pneumatic collection of
the soil. This will provide a redundancy in the sampling method which
should result in a higher probability of collecting a sample. While the
single stage vaneaxial blowers will not be adequate at 5 millibars, the design
lends itself to very easily incorporating a multistage blower. The valve
assembly shown in figure 4-24 is used to seal the end of the telescoping
boom during the pneumatic extension of the boom. This valve is actuated
through a slip clutch running off of ome of the idler gears in the brush
drive train. Reversing the brush rotation will close this valve. A gear
train was used to drive the brush because it was the most compact in terms
of depth of housing required and being adaptable to valve actuation. In
the gravity dump mode, the soil falls on top of the valve during boom
erection. When the boom reaches the vertical position, the motors are
reversed, opening the valve which allows the soil sample to fall down the
tube through the blower. Complete valve opening is achieved in about

.07 seconds.

The final aspect of the rotating wire brush/telescoping boom prototype was
the delivery of power to the drive motor and blower mounted in the sampling
head. It was natural to think of using the extension control tapes as
electrical power leads to these motors. This introduced the problem of
providing power to the tapes through a rotating member. A cross sectional
view of the upper and lower extension control tape assemblies are shown in
figure 4-25. In both cases, an insulated conductor mounted concentric with
the shaft protrudes through the side of the gear box housing where contact

is made with a beryllium copper brush, At the tape spool another conducting
pin is pressed into the insulated concentric conductor. In the case of

the lower tape assembly, this conducting pin is soldered to the tape spool

to which the tape is pinned. In the upper tape assembly, the friction clutch
must slip during extension of the tape requiring another sliding brush
contact, To ensure contact at all times, the clutch and tape drum are keyed
to the shaft so that they may float axially along the shaft. The clutch

and tape spool assembly are preloaded against the sliding brush or pin
contact with a small belville spring. The tapes are coated to provide insu-
lation to prevent them from shorting against each other or the boom walls,
The ends of the tapes are pinned to an insulating collar mounted between

the end of the boom and the sampling head. This collar is shown in figure 4-24
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of the prototype sampler assembly. Small brass tubes are mounted in this
collar to which the power leads from the blower and the drive motor are
soldered. When the tapes are pinned in the collar electrical continuity
to the sampling head is achieved.

The total weight of the rotating wire brush/telescoping boom sampler
prototype as developed in this design is 11.5 pounds. A weight breakdown
by components and subassemblies is given in Table X. It is estimated that
this sampler can be constructed for about half this weight in a next phase
design by utilizing fiberglass or magnesium in the boom and using aluminum
gears in place of brass and steel.

4.2,2 FABRICATION

The initial task was to verify the telescoping boom design using readily
available aluminum tubing. This was done by first fabricating three typical
boom segments rather than a complete set of nine.

The segments of the boom were fabricated by bonding in teflon inserts at

the ends of the aluminum tube segments. These are machined after bonding

to fit the adjacent tube segments. No difficulty in fabrication of these
segments was encountered. The fit between each segment was deliberately

left fairly tight to minimize cocking of the segments when extended. This
three segment portion of the boom was mounted in a fixture and pneumatically
deployed with controlled pressures. A minimum pressure of 3 psi was required
to achieve full deployment; however, 4 psi produces more consistent deployment,

When pressure was applied, the tube extended slowly and relatively smoothly
although the rate varied slightly as the tightness of fit varied. At no
time did the rate increase abruptly or continuously. This can be attri-
buted to the friction characteristics of teflon which has a breakaway
friction coefficient approximately equal to the sliding friction coeffi-
cient, The pressure was varied to determine the effect on extension rate,
These results are shown in figures 4-26 and 4-27,

Figure 4-26 shows the effect of repetitive cycling on the deployment rate
at a constant pressure. It is seen that the rate increases as deployment
time decreases asymptotically towards a minimum value fairly rapidly.

This is probably due to the burnishing action accompanying each extension,
Figure 4-27 shows the effect of varying the deployment pressure. Again,
it is seen that the deployment time decreases rapidly with pressure and
also asymptotically approaches a minimum deployment time. This trend
indicates that an increase in deployment pressure above some value is not
necessary and will only increase the energy of impact when full extension
is achieved,
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TABLE 4-X

ROTATING WIRE BRUSH/TELESCOPING BOOM SAMPLER
PROTOTYPE WEIGHT BREAKDOWN

Component Assembly
Component Weight Weight |
Wire Brush Prototype .71
Motor .72
Sampler Assy Total 1.43
Telescoping Tubes 3.25
Gearbox Assy 1.87
Motor .72
Support Assy 3.32
Snubber Cylinders .43
Elevation Clutch .48
Boom Assy Total 10.07
Prototype Assy Total 11.50

4-49



ATy

SNOILVYAdO FAIIILAJAY HIIM TWIL INIWAOTJEd WOOE 9Z-% HANII4
SINAWXO0TdAd A0 YATAIN

A} 01 8 9 K [4

1sd ¥ = aanssaxg 3urjeaadp

o¢

oY

09

08

001

0dS - WWIL INIWAOTIdHA

4-50




0t

JANSSTEd ONISVHUONI HLIM FWIL INAWAOTJIA WOOL

ISd - HINSSTYd INIWAOTIJHA

9

S

K

LC-% TANO1A

%’ o

I

_

r

295 761

114

0%

08

001

0ct

oyl

091

0dS - FWLL INIWX0TdIq

4-51



To check the effect of cold flow on the teflon inserts, the three segment
boom was loaded to reproduce the actual moments at the joints between the
segments for the complete boom, The load, shear, and moment diagram for

this test are shown in figure 4-28, The boom was loaded and the initial

deflections noted, as well as those occuring after 24 hours under load.

The data is summarixed in Table 4-XI
TABLE 4-XI

TELESCOPING BOOM JOINT COLD FLOW TEST

Deflected Height Test Time

Of Boom Tip-Inches (Hrs.) Condition
28.633 0 Boom Weight only
28,025 0 Boom loaded

28,610 24 Boom loaded

It is seen that a permanent set of 0,023 inches occurred in the two joints,
This set should be fairly uniformly divided between the two joints since the
more heavily loaded joint also has slightly more overlap. The overlap used
is twice the diameter of the larger tube segment, Deployment checks were
run before and after the cold flow test and no effect on deployment opera-~
tion was detected,

The three segments of the telescoping boom tested were returned to the

shop for additional fabrication. A second attempt to assemble these seg-
ments resulted in some galling between the aluminum tubes, It is felt that
this was caused by surface chips or residual contaminants from the machining.
To prevent galling in actual operation, the clearance between the tubes was
increased by machining the outer surface. After machining and polishing,
the tubes were hard anodized to provide a surface less susceptible to
abrasion. Three sets of tubes were fabricated to allow for internal
configuration variations and to provide backup in the events of damage.
After hard anodizing the tubes a graphite impingement type coating was
applied to provide a dry lubricating film at the sliding surfaces. No
galling or siezing was subsequently encountered, In order to hold weight
to a minimum, magnesium was used in such places as the gearbox housing and
the sampling head shroud. This material machines nicely and no problems
were encountered due to its use. It may, however, result in fairly rapid
wear wherever the rotating wire brush makes contact with the hood. This
would be more of a problem in an extended testing program rather than

use during an actual mission.

The beryllium copper extension control tapes were fabricated initially from

.002 inch thick material and heat treated in a coiled configuration. This
proved to be troublesome since they would twist into a helix if the tension
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applied during extension were relaxed, This resulted in a snarled tape,
It was also noted during handling that the end leops were easily breken
off due to the brittleness of the material, The end leeps were formed
as shown in figure 4-29,

—

¥ X ¥ X
¥
*

|
| AZ/A *;,*
BREAKAGE DUE —/

TO HANDING OCCURRED HERE .010 DIAMETER SPOT WELDS

. BEND RADIUS ‘
.045 DIAMETER PIN

Loop

FIGURE 4<29
TAPE END LOOP CONFIGURATION

Breakage due to handling invariably occurred at the first row of spot
welds., Several test tapes were made and tested, Failure occurred at

less than 30 pounds force which was about half the theoretical yield point
of the basic material, Two types of failures were observed. One was a
fracture in the bend radius adjacent to the last row of spotwelds, The
other failure mechanism was one in which the spotwelds were pulled out

of the tape. In either case failure occurred at about the same value.

To check the basic tape material, one tape was mounted in the testing
machine without using the end loops and pins. The yield point and ultim-
ate strength agreed very well with the theoretically calculated values., A
new set of test tapes were fabricated with a larger bend quarter hard
condition. Failures for the heat treated tapes occurred in the bend radius
and for the as received tapes in the spotwelds. In both cases the failure
load was still equal to or less than 30 pounds., Since this did not provide
an adequate margin for the design, .003 inch thick material was procured
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and tested, These tapes failed in a range from 35 to 45 pounds which was
considered to be adequate. As before failure occured in the spotwelds
at the loops.

To provide electrical insulation, several tapes were coated with a variety
of plastic coatings. The prime intent was to obtain an insulating coating
with a minimum of build up on the thickness of the tape. In all cases
insulation of the flat faces was achieved; however, the edges remained

open. The nitrile phenolic coating originally tried required a heat cure of
30 minutes at 250 F. This was sufficient to induce enough heat treat

to cause the tape to curl, This was unsatisfactory due to the snarling
problems it caused. It might be worthwhile to mention at this point that
this can occur during the dry heat sterilization cycle, The substitution

of steel tapes for the beryllium copper tapes would avoid this problem,

A room temperature cure coating of polyurethane was finally selected. This
was a commercial formulation known as Chemglaze 2052 clear gloss top

coat diluted 25 percent by weight with toluene. The coating was applied
by hand brushing and allowed to cure overnight, Although some runs
occurred on the surface, no problems were experienced later in passing the
tape smoothly through its teflon fairleads. In a similar manner, the open
edges did not cause any problems with shorting. Upper most conditions the
tapes are under tension and do not touch the walls of the telescoping boom
or the gearbox housing.

The gear train mechanism did not present any problems that are not normally
present in the form of fits and tolerance accumulations except for the
conical slip clutch which is used to allow rapid extension of the boom.
This clutch is mounted in the upper tape assembly that is shown in figure
4-25 in Section 4.2,1. The conical clutch was fabricated of brass and

runs in a stainless steel housing. Difficulty was experienced in setting
this clutch up to slip at the correct value. Since the static coefficient
of friction is higher than the running value, the breakaway torque is higher
than the running torque. Thus, if the clutch is adjusted to give a
reasonable breakaway value, the running torque is too low and slippage
occurs, If the running torque is adjusted to the desired value, the break-
away torque tends to climb with usage until siezing occurs. It appeared
that this was a place where teflon could be used to advantage. In order

to prevent relaxation of the clutch torque pure teflon cannot be used since
it has a tendency to cold flow under load. A clutch facing was fabricated
of a ceramic loaded teflon which was bonded to the clutch face. The
characteristics of this clutch are much smoother with a running torque that
tends to increase as the slip velocity increases, No apparent attempt to
sieze was noted when the clutch was burnished in on the bench and adjusted
to the desired torque of 15 inch pounds.

In the first attempts to pressurize the telescoping boom severe leakage

was encountered. The possible sources of leaks are at the sliding joints
between the boom segments, the valves at either end, the teflon fairleads
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where the extension control tapes leave the gearbox housing and enter the
boom, and through the boom to gearbox joint., The leakage at the valves has
to be tolerated since these have been machined to as close a fit as is
practical for the actuation loads available. The boom to gearbox joint
was sealed with a non hardening mastic.

The fabrication of the rotating wire brush sampler was fairly straight-
forward. The hood was machined out of two pieces of magnesium which are
doweled and bolted together. The only problem encountered was the same as
was noted during the breadboard evelopment testing in that considerable
power was lost internally., The wire brush used is a commercially avail-
able brush which had a fairly full set of bristles., By trimming away some
of the side bristles the power loss was reduced to the point where it was
acceptable. In use the bristles will eventually flare with the result that
power losses will gradually increase as was noted in the breadboard tests.
It is probable that a special brush with fewer bristles of heavier

wire should be fabricated to minimize internal power losses.

4,2,3 PERFORMANCE EVALUATION

Due to delays encountered in the rotating wire brush breadboard hardware

and testing, sufficient time in this program did not remain to allow testing
according to the proposed matrix shown in figure 4-30., The primary effort
expended in testing this prototype has been to operate the mechanism in
various modes in order to correct deficiencies that have become apparent.

The primary problem area which remains to be solved is that of pneumatically
" deploying the telescoping boom., In functional tests it was discovered that
leakage at the valves and the sliding joints of the tube segments was
excessive., Air pressure supplied at 100 psi through an eighth inch diameter
tube did not produce a flow sufficient to cause a detectable pressure rise
within the boom. Evidently the teflon inserts are not thick enough or
resilient enough to provide an effective seal along the length of the tube,
Since there are nine tube segments, this results in eight sliding joints
which will require that leakage at each joint be minimized. The addition

of an elastoemeric seal mounted in a ring which is pressed into the end of
each tube segment is shown in figure 4.31. This would be a simple modifica-
tion which would probably eliminate leakage at the sliding joints.

The gearbox has been run several times and functions as desired. It is

noted that the friction cone clutch is not entirely predictable. In the pro-
cess of disassembly and reassembly to trace out malfunctions and de-bugging
the system, the performance of the clutch will vary, In some cases it will
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deploy the tapes smoothly but will appear to slip on retraction. In other
cases it tends to overload the motor during extension because the torque
required to slip becomes excessive, In the interest of reliable operation

it would appear that the high speed extension should be eliminated. 1In this
case the spiroid gear would drive the tape spool in both directions eliminat-
ing the need for the slip clutch. This is very simply accomplished by
removing the high speed extension drive gear from the gear train. The
elevation gear train operates as predicted and will present no problems in
operation,
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SECTION 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

The effort in the development of the two types of engineering prototype
samplers is summarized in the conclusions in the following paragraphs.
This development effort was broad in scope and encompassed a wide variety
of design problems associated with automatically operated remote soil
samplers, The solution of many of these problems is felt to have
contributed to the state-of-the-art and knowledge concerning remote
planetary soil sampling systems for biologically oriented missions.

5.1.1 VERTICALLY DEPLOYED CONICAL ABRASIVE SIEVE PROTOTYPE

This sampler system is suitable for development into an early planetary
mission flight hardware. The engineering prototype evaluation has demon-
strated the feasibility and to some extent the simplicity and reliability
of operation. The following specific conclusions are listed.

(1) This sampler can be developed into a flight prototype weighing
less than 5 pounds and requiring less than 25 watts of power.,

(2) Sampling can be accomplished in a large variety of:soil types
under a variety of surface conditions. —

(3) The basic drive and feed mechanism can be easily adapted for
use with other cutting heads or augers to provide a versatile
assortment of samplers for specific uses.,

(4) Soil sample sizes up to 25 grams per run can be collected.
With modifications even larger samples are possible,
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(5) This sampler system is capable of abrading the surface
sufficiently agressively to collect samples from hardpan and
very soft or decomposed rock models.

(6) The feed rate of the drive mechanism is self limiting and auto-
matically adjusts the rate to be compatible with the progress of
the cutting head while maintaining a positive force between the
cutter head and the surface being sampled.

5.1,2 HORIZONTALLY DEPLOYED ROTATING WIRE BRUSH/TELESCOPING
BOOM PROTOTYPE

This soil sampling prototype system is a more versatile and sophisticated
sampling system which can be suitably developed for early planetary mis-
sions., While the limited performance evaluation testing has not completely
verified the concept of the pneumatically deployed telescoping boom, the
extensive breadboard testing accomplished with the wire brush sampling
head indicates that this sampler will be a versatile and efficient sample
collector on a large variety of soils and surface conditions. The basic
concept of remotely deploying a sampler system and sampling over an exten-
sive area of the surface is inherently more complex than single point
sampling thereby involving a greater development effort. The specific
conclusions for this sampling system are presented as follows:

(1) The rotating wire brush is very efficient at abrading nearly
all types of surfaces to be encountered in soil sampling, in-
cluding soft rock,

(2) A combination of pneumatic transport and soil collection with
the simultaneous mechanical collection of larger soil particles
is highly desirable. '

(3) Multistage vaneaxial blowers will be required to effect soil
transport by pneumatic means at reduced pressures in the range
of 5 to 10 millibars,

(4) The feasibility of the boom retraction and elevation mechanism
has been established. Some additional changes and testing are
required to establish the practicability and reliability of pneu-
matic boom deployment.,

(5) This sampler system provides a compact mechanism which can be
deployed to ranges up to 10 feet away from the payload and sample
continuously over an extengive surface.

(6) This sampler prototype can be developed to weigh less than 10
pounds utilizing approximately 25 to 50 watts of electrical power,

5.1,3 CONCEPTUAL DESIGN EFFORT

This effort indicates that there are many methods of attacking the problem
of soil sampling at remote locations. It also has shown that many gaps
still exist in the development of adequate soil sampling hardware and




concepts depending on the mission constraints which are applied. Until

this effort was initiated, the more sophisticated soil samplers were

oriented towards collecting samples for geological analysis. Early efforts

at collecting soil samples for biological analysis were intimately tied

to specific experimental mechanizations with severe constraints on simplicity,
and light weight, and small volume. Most of these sampling devices are
inadequate to provide the necessary samples for more elaborate experiments
requiring larger quantities of sample and are in most cases one-shot devices.

5.2 RECOMMENDATIONS

With the completion of this program, the necessary first step in developing
a system prototype has been taken. This has consisted of designing and
developing the engineering prototypes which is required before any systematic
test program can be initiated. The primary emphasis in this phase of the
development of potential flight hardware has necessarily been confined to
making the system function. Many questions regarding the quantitative per-
formance, operational characteristics, and mission suitability remain

to be answered. It is therefore the recommendation of the Space and

Reentry Systems Division of Philco~Ford at Newport Beach that the valuable
data collected and effort thus far expended be enhanced and augmented by
continued evaluation of these engineering prototype models including testing
in the field. Also, since these soil samplers are intended to sample for
biological missions, it is necessary to initiate some effort in determin-
ing the interaction of the soil sampler mechanism with the biological con-
tent of the soil to detect any biases or biological degradation that may
occur.,
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APPENDIX A

BIBLIOGRAPHY

The Aeronutronic Technical Library Staff was requested to conduct a
literature search for review by Philco-Ford design engineers. A selected
bibliography culled from the title search is here presented. The litera-
ture search sought to cover the following subjects from which preliminary
scientific and engineering data could be abstracted for utilization as
basic principles for the generation of sample handling system concepts:

(1) Soil Characteristics

« Soil properties + Cohesive soils
Soil mechanics * Jet impingement on soils
+ Soil simulation + Soil interaction to impacts

+ Particulate soils

(2) Engineering Design of Space Instruments

Sample collecting, transporting and processing devices
Soil mechanics instruments
+ Drills

+ Analytical instruments

(3) Structures for Space Use

- Engineering design * Pneumatic tubes

+ Booms - Capsule geometries

A-1



(4) Organisms and their Detection

+ Character of microorganisms

- Detection techniques and instruments

Despite this broad coverage, it is immediately apparent that the quantity
of directly pertinent material is rather sparse.
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APPENDIX B

SAMPLING CONCEPTS

This appendix contains the thirty-two conceptual soil sampling mechaniza-
tions with which this program was initiated. Many of these concepts are
obviously limited in their applications while several of those which were
not developed may warrant further effort in the future.

The important point that was made clear in generating these concepts was
that the methods of sample acquisition, sample transport into the payload,
and sample processing are strongly interrelated. The ultimate development
of each concept must consider these factors simultaneously throughout the
design phase.

B-1



LOPLS  STIALSAAN( NOLLIN :Vivd 3INIATITY

IV INGWNOIIANT
C:ST3A0N NIWAY3 L

YD 3%001 B} oY $TIAOW 105
N1IBIV A 25007 W 3&uﬁaz~_owumm IV A3N00

D218 TWHE-VIY2 ' (e I

YA wq ...wa<ww 314WYSMYAY S v TS ITRYS
t314dWNNS 40 ALIIYAD
T90d &TsoMNn $HeoIC. |
IPIVN QALY LLIMID SNOILISOd 27915504
oMl S0 wW3INLI3 NN 2Iv2A340 \uwM
QYA JPANA =HL ‘med QIHL PLIm 390L
@1 WDEoRNL ODVBAYD FAY SATNLANG NS
WL72917900 BN0IIAD IML NO QILNMOW dWAd
WOINAM3 3NL  AY LD0A ITRIYLNL AL W0 INL
ARAM S Mo 'SLIAT 10503y
DAL AQ Q@EL3\T NS B$0eT SLAANWD
2UWIIGHHS DAL BB WYNYS  INL IpAL3A
Sl SWIAMKW 01 NAINP3d  $12Wm W
ST SR 200 DAY BRGNS

) ' L
Y0 2RL, INABALINOA KIS0 ANY LTONIS
S 424079434 SV AJVANYS TANL

e™N! DOF 0N LS3 L X-RF (19N 153

2 WY O0 ALIDINNIS MIMO

[SOULSI¥ILIVEVHED  TVNOILY Y340

LI 08 0Y3IY
40 NOILDY A8 9NISSII0dd INAWYS

DYOL BIYXIADNE DS N
Puommv.lu.r u:kvym:n_ ;.N_oumz‘xru.zz,qw

, 1aals Si1-0!
HONNY  'SIDAVRLINVY 0D omli 48
2A\PoAA SLIAT NOILOVYIZA LNIWA0Td3d

SINIWIAVINDIA DHNILAOLLNS

‘HOL3NS 13 HNZ170S0Y3Y -31L1L 3AILdIWIS3d

I L4dIINOY P9NITdWVS

NI

l




-

HOL3NS

29/92/T '21¥a
Wivd 3INIAIITY

FAIYANIWNOAIIANT

S AM2AIPLS RLOOWS :$TIA0N NINAAI L
T STIAOW M0S
.,m.deZMQuMmm._.Zum\S

UNOILYAVE93d 3T4dWYS

ALY A 35007 :SYIQ JTIWVS

AVSY  3N4AWNYS SNV YD SIS FT4KWYS
SATVANNS 40 ALVIYAD

TINOC
$Z7A04 LAV A4S S¥9 d3201S. WoRd
S1 LAMNMS A 2L00 IPL S3IN0D 39 RIIHM .rd,ﬂw
2AXIONNY AN IPRL A0 0ARL (01 BIINY D
A3LP0 ANY §3IMOIY INL  ILYNININI 0L S
1Y¥03ddY SI1RL 20 NoVsa3) 2R dWiS N
‘SSsaNAY0AY NV A3ANQ

<SWYS ZHL M0 1M
L '2HOVHINS N0S 3Nl
94023 0L IBYNYNOD AIAANL AL N1 2350
IAY SLAN 2IN0SAB40S DS R0 0222 0L
39204 Lt LIN 3IHL AV0033 0L si LN21N .
L A TYUANART CAIANNT TIRL N LA ITATN
ANY 232ENYHY A2L00 FrL NI 22055 TAd
AL 2HNADAR ol QABS) S WML Y
70N LS3 - I9M 1S9

2ANAUBAOW ALIDIAKNIS N2IH ¥ IMOA

SOLLSINILIVEYHD VN0 LY Y8340

MNLNWPIN :INISSII0Hd  ITAWYS

DILYNNING LAOASNVY L ITAWYS

L3321 0'-S DONNY -NOoF :INIWAQI43d
SINTWIVNINDIAE BHNILAOLANS

SIOLOo3 V105 . LNWPAND
DONY WS 3503 :31LIL  3AILdIEIS3d

N Ld43IINO) 9NITdWVS




29/92/2 % ¥d
27 FQELS  ¥Y  cVlvd 3IINIATIIY

FIVINIWNOJIANT

'STIAON NNAY3IL

*$TIA0W 1105
(Id>NYWAHCIFI4 TIVAIND

:NQLLYAVE 734 3TdWYS
Vil 3T1dWVS

3EVHY  INAWNS SIS BTIRYS
:3I4WYS 40 ALITNOD

‘I[YOL L A0ASNYRAL 3L oL
AVOANYA (Y0ILHBII0D UL OL Nl SISV MO
“MOTld SYD ZIPL NI NOISNSJISNS oLV
$IAILINVG LI OL S13A/ 9NI1N0S033y 3l
W20 OSIy W13IDL 3HNA PN nepl 3¥l

QDN DIADAINI S LS IPL HWOWIXYH  INIS ,
CONDHM Q24 OOMEDL St 4234 OVOILN3A
"ASNIVBLS IRL SIHDVIY L1 NMLNO QILVLIOA
Si Ll SV ANNDWLR3A d3A07d34 NIZWL S)
DNV ICNZVI0S0ABN IHL  DINSIND  IML
20 DWW IPL WYY J[INVIATS FHL oL
AIV2ILA3N LY A20743G 0L Q3ILYI4INL

S) WIS SMeNN2T HvEAINILSVIE NN

© 70N LS ©O9M 1S3 T

AL IENWIS HIMOd

SSOHLSINILIVEVYHD YN0 LY E 340

‘ NGILDINN0D
dosumnu:.x:cm:‘n_az_nmuommﬂmzﬁp;.

ILNWAING LAOASNYH L ITINYS

DS FJO N0 Ly dN] LNIWA0T43Q
SINTWININDIAY DNILAQLLNS

S G EN AL ENIES R E Y
HOL3INS DIYNNANA  2A0SSII4ASHLS 3TLIL 3AILdIWIS 34

§ LAIINO) P9NITdWVS

1-N2

—_—




G-4

:qmumksm

L
ﬂu%

tHOL3XNS

99/97/7 2LY¢

ViYS O YOLL1T Wlvd IHNIAAIITNY

TIYANAWNOIIANT

: T $7300H 7Y :STIA0N NINAYIL

TS0y APV 14X SI1IFAN Y STIAOW 105
PIONYWAHOSIII4 TIVAIND

INOILYAYE 934 IT4WYS

SVIQ ITdWYS

SHYAY SILIS ITIRYS
*ITANYS 40 ALIINND

TAAVAY  INENYS

ANADY  ANIPINL

NI KLV AYYT FHL ™t Q3L OV IWI
TO0S HMMAINIDB A, QAN DY VYD
MNOILD2T7790) 2DdNIVS  AIVAN0DIS Y0

NA (LB BHL o
LAUSSN YAL 2TdNY S
ANY SV LANY V108

2IL2LON ANESAIL0S

10N °LS3
BINY AW ALIDINNIS

¥L Ne LI ALMHOEN BOIN

CARL 0L SRACINTD {HWM TTINIST YLTMYAY
¥ SH220= AAANYS afL 20 A¥344\Y
DAL NG ANAANY IyI90L dBNOVdA 39501 D

9
M3 DY LynpamNd AR
tRNNACY BY O RHEARL L
andao-sid oL 3V A
¥ $3vMNN4d
Y eANOLMND =Hy ¥

U9M 1S
AIMO

y <
A A

W
wIngE

TSALSINILIVEVHD TVNOI LY ¥ 340

OMAY Y MLYNOING AR LT 70)
INTBNA aBWAOCIABD 9INISSTI0Nd INdWYS

NMLINNANG (LAOASNVY L ITINYS

NOY LRABA A0 WOO INIWA0T43Q
SINTWIHINOIA DHNILAOLLNS

AN32LS HINMYAGNT ¥
HLIM LA DINGSAIANS :31LIL  IAILANMISId

(22T osY)

S-VZ

¥ LAIINO) 9NITdWVS




yo/ol/s QG 34013NIQ

9-4
o -
L
. wd
a2 " L ws -~
a orumq.‘wc LYY Tl
ep1d 3(0- 233 Yy N ~
ant VTR L ///
1?‘;“ ~. ////
gyes N7 evas
kl

Mdd(rs SY5 QsTN0SE VN4

INIT AVARNLIIN ¥ TYMYS oe

S40005 DMNINLYP \
aARY AQ09 BWMISWYS “ieg -

OINT-NY o M¥o g -

o313

-
-

107 TIES \\\l\‘
o

29/s2/2 '31¥4
9IYG ~ ATV M YLYd IINIAIITY

LdaINGS NN
I INZWNOAIANT

4TYVIR0S HLOOHS 39 LYTd :ST3A0W NINAYIL
:$13AOW 13135
S3ONYWH 03 d3d TIVAIN0

NJILYAYE 934 ITAWYS
Y9 3T1dNWVS

3AVHY  IVANNS WY | ITUS TTIRVS
SITIAWNS 40 ALIIVAD

QAYOTAY¥4 AL LY 3@ Q39Q01 61 A0y 3IAL 3
ANOW S AL A BIRYAD  NO0IODITED BHL 1L3r
T050A®Y 30 ALVAIA0AA QL) M10S  sYMYS
PN M S3000S 2AVLN|  SQWVMOL IR 3INW
d2AMS SANgEAY 3L ADVAINS  YNOTY
G304 S _3Adys AR SY AIARYYID
NOILD3TI0Y ANGHAL  meld SV aniinllial
L DSYDIDE AIANIIAD SYD Sl AN
N3RS AN NG 0d TWILING DHL
ONIANY T 2HIL3N A pvi0d atmund §I04NA
SHESOAT WL Uasdd S22 30 AR ¥V oL
15177 S JRIGWNS AL

ST T 911 WSS TIYNINLIY

‘ T NOZIT0A LST ‘Al B BUAWYS (9N 1sT
X2WINED A LIJIVd KIS S1IvM 0SS MIMOJ
WCOLSINTLIVEYHD  TYNOI LY Y340

- KU TWATAWNE  HOwd  GTwAYSES
3% YD ANM ADLWNND 01 LD BT09
TWHS NI TWONNADEW  LA0d SNV L 3TAWYS

L T WNDLSAS. JVIWAING 3G SONTAdS
VNSO HONAYT  21Lsv1v e LNIWAQTLEA
CSINTRININD3IY DNILAOAANS

WZ3AL L OMIY-L ) 3UWYS 9121103033y GNY
AS T4007S T T3 HYad 3Ll 3A1Ld1¥Is3d

THOLINS

<72

s 143IINO) HNITdWVS

L




A9)\7/2+31¥A LA0ISNYRL 03 ApnT el
DINNWAAN'O'L VLY
L

IHNIAIITY

a
IV INEWNOAIANT
(STIAON NNAUIA L
v a0 A 40, SN S,

AN NOILYAVESIA 3TIWYS
© LADYIS ATaYSR0Yd - NMONYND cSYId 3TdWVYS
amomw P 0VAY ININNS SWNUY 1 3IZIS FTLRYS

“ITANNS 40 ALIIVAD

"SANYKCD F $SA307004d AWV NIIMLIL
SANMNTAD ONY  SAINAD oLN AR D20 ANy
SHAIAADT WIAME AHL  AE3S ol Ly 3SnYD
m... A™N3L 1M ANIR IAL JO LUYiae., anl
ST LYYd N0S WatHd 9N 9wQAonsid 307308
4L 9o LY

S04 AY3N ML NQ, SBILS\AN
AN 40 HA3Ulyd

CT1V21gS AWL C 39YA0LS
Wox3d. Lo d3ad ¢ 43LLoAd $1 3L IRl sy

T T ETIAWERS SY9
- - . @' BOLOH B e
0'l BYCL :

C oA LSY T T S W3R I9M 1ST . T
PAIVADIOW ALIDIKWIS SLLYMSZ-2Z1 AIMOd

SSOLSINILIVAEYHED IVNOI LY 8340

4 T1dN

‘ ‘..BoJu ﬂo .

EJS%ZpEEE,fuz:aus w
AAQOL N MoNd a3opaNl As

L30aSOWNAL DILYWA AN CLAPASNYY L 3ITTdNVS

‘1234 01-S
ALONEAT ABA0N4Ad - LA0d LNINWA0Id3Q LY
N3MAA F0LOW - LNIN IDA03M3A 3\
AYEABLXI 9IS QB3I AANL0H (LNIWA0TdEa

'SINIWININDIY DNILUOMLNS
Y 34FL) .
HOL3NS S ADOL INIMEBNT 13LIL AAILdIWIS3d
(9t °sv)

2 L4IINO) 9HNITdWVS
d?



HOL3INS

99/61 /s +2LNA
LaZIN0D  Ndr Vivd 3INIAISIY

IV INGWNOJIANT
'$1340N NIVAUI L
YO0 LPS MY (S1IA0ON 1105

:3IONYWA03 334 TIVAIN0

gNIAN' 39 0L BAE  AIBYSSOQ :NOILYAVET3A 3TAWYS

4\ Wil 314 WVS
0055 p advAY 314WYSHYAYD O1-€ 1 3ZIS 3T4RYS

SIVIANYS 40 ALINND

9 a2YA3ISVYIL D9 OL
NimoT19Y Linds o1 24vW

FPL  AANBIMLY NBBLWY
ONIY NOILIDI0D DAL WOAa
SSNY2AL WA NYD ThWws 3Nl
‘OMA NEILLDANWD 3dRNNS IRL NI
QALIINICD AN =QOL A0LABAMOY QDY

DNL =G 40L 2PL 0L dA3ABINNID qNYM
g0 IV N4 S

LV I¥9HM O TWOINIH ank
20 ANA d2c0dX3 ANL LV L\ V2NV any
eSS (N B/SOCGT 0L QADLvL0D S

Mm230S L
:T0M LS :I9M 153
2SS AL RIS NI MO

COISINILIVAYHED TYNOLLVHEIL0

VOIS IWIA DUDS

)| AUJ.SM:,MQu azamﬂn&m ﬂézﬁm
MA2ADS PO I\2N

LA™ TVWOIVYY QY BH (LH0dSNVY L 3TdNYS

DOWSYPLS 0L TWIWAI) INIWA0TLIa
SINIWININO3IY DNILAO44NS

N¢

MDADS WO A1DId (341l 3AILdibIsad

L LA3IINO) 9NITdWVS




6-49

’ HOL3NS

29/%\V/% ' 2LVvA
LIADMNOD Ndr WAvd 3IHINIPIS3Y

IV INIWNOYIANT

_STAAON NINAYI L

21X932V9V 280077 STIGOW 0
(IONYWHO3IAId TIVA3M0

WOUANY 0L BPA AT81SSO4 :NOILYAVEI3A ITHWYS

- SVID - TNV S

¥bos SY 70VEY 3IVANYSWYIDS > :ITUS 31INVE
23V4INNS 40 ALIIVAD

‘DNOSIND
DAL 0L TADNQ L1 SAHAAANOD IAML HOWHMM
M227S TDIN3H aA3s03d%T  INL 0L MINY
108 Sam3d VDY mAL Jo 3LONF and
PUsdYY 291 20 L0007 QA3 ST A0AINMNGD
BIANXNANG VL IININM FBRL B399
QA=LNLOA FAaY- aN3N QW (M3IVS IHL
J0N LsY , UOM 1sT

DAYNS ALDIRIS “WIMOd

SOLSINILIVIEVHED TYNOILY ¥ 340

NOYSNINIG 2AADS
.ra o.\qu,ouF_..oum ”oz;mux&m m.h_,z,qm

'MIADS INIIIAN
LI Y DINYEDIN CLMNOASNYY L ITJINYS
LAINAONA3A NI LSISsY
ay38 9L N wu.wﬁJu 3L ' JINVAAY
Ol AN3AN ANYL MOY oL AINSHIVY
=ML 20 Lo a3 S up}m%ioq
IWOLI3H TIRIX3IY ML CINIWA0143Q

SINTWIHIND3IA BHNILAO4dNS

MDADS WIIIIN IQINIId - 31LIL IAILdIYIS T4

NE

§ Ld4dIINO) P9HNITdWVYS




01-¢

o O1LY R NN 3 V02D
<A 0Q 374HNS

S

:.-...?Q‘ Lo aaD
3
A
~ \/
{

DO 23100 3 dWYS  oridnd
0} LNA09I3N6D

299/:2/v aNd
AL hapis —eY Ylvd 3IONIAIIIY

IV LNZWNOYIANT
3 108 ﬂéozaznxxﬁw

m] Q o0 ariis MR «$13d4 0 B

s nmcd ks IHONYWHO03 33 TIVAIAD

INON NOILYAvE 934 3TdWYS
NON VI ITdWVS

Wmy s.p AGNAD J14WNS SN AD IS ITLRNS
:3I4AWNS 40 ALVINND

-TE =PI RVEL |
oL J40NDIS, 2390y 2% 4wy Q3LoYAL3Y S|
©EISYD IRL IV SNOA A0 YNISS0Ad
291 OANI Q2AITASNYAL st A3I9ON AL
ATLIY PR BLYN AYIANYZY 25001 30 SO
9INILN3N U4 NOILISGd Q30D AN oL
NBOL3A €3107d 2IPL A3LOYALBW SV 330X
AL NIAM "ONISYD =a¥L NI 1L729WD oL
S90S BAL INIMONIY 4N L2371334 $3L10730
J781X374 DM AW AJ0S 2AL WeAI LD S
T ONINYAL 3NL NO LS53R

0L QFAY0T TNIAIS ANY ATV K3Td FIY
32113 TAR9ON. IAL T IO TSIV AT NITIVILS

Al AIWIANS 24L oL wjﬁ:&m

34 ONY Q21WL0y S\ 93I9py 3w
NI 0S5 -0Z 10A 1S3 S\ S > _:IIM 153
“SNaWIS  RLIIRIS SLLYMN 001 S 2 ¥IMOd

(SOLSINILIVIVHD IVNOILY ¥ 340

MYSSA20Ad OLNI 330 N1dS  -YNISY D 2 39n¢

. . DLORD
4NAA N S3A3IS N3 AFNIN
UM anNoa 39 AYW 9NISSII0¥d INAWYS

‘ DAARD INISSID0 IS
Nl ALY QNY  NOWLN2ARIA =~ 3LOAD

N POV RO IW (LAOASNYY L 3ITTdINVYS

Q3azd MIAIS - NLATN INIWA0TLIQ
SINIWIMNINDIAW  DHNILAOLLNS

(R 3IF4+L)

HOL3NS

VD3N4S ADIYON 314l 3AILdIMIS3d

NV

b6 LAIINO) O9NITdWVS




11-4

QL0HD 40Wd e

FOPL AIISNYAL oL
440-NIdS  FIINYS

NAMLIA
IdWYS

FINWYS  LD3ND
oL 9INIyea

HOL3NS

29/12/2:21¥q
3o e N'Mm Vilvd 3IINIAIITY

IV INAWNOMNIANT
_ :STIA0N NNYWI L

™SM20¥ A0S LN VIN :STIAOW  110S
PAONNYWHOLA N34 TIVA3A0

_ NQTLYAVE 9I4 ITAWYS

VI ITdWVS

§sn..Aww TIAVAY INANTSINGYD -INAINTLIS BT4NYS
*FI4AINNS 40 ALIINND

LIVHS 94390 NO . AALNA04A0INI
§32470048 40 IBYNON TNV TSTIY v AC WLIM
VWAYNY 2O A3BHAN ‘Midic A340Rs  Aq
TINTHNAZLBL 3L IIANYS Wlol ‘a3qQlpens
30 x._.ocs AR AINIWYILIQ  2IDILPYNE 40
ZIC WONIXNW  JBQINHS 2L YO QA LDBTWD
ST NS NMYAARLIM ST BIIN INL, NIRNE
aL¥93399% A0 10S m?wm*oo Q0 “IdAL ANY
OLtYl AaYNIAE sV HARM  A2L3NWYIT VWIS
L DO I ENAS TTWRINGD Y SUTAEIIOY IAL
8  20L0W
Sz 29801 L30ISNVAL
s oS -0z 10\ LS3 S'  Y¥3IN I9M 1S3
BNdNIS ALDIGHIS SLIYM Q01 =S 2 :¥ITIMOd

SSOLSINILIVAVYHD TYNOI LY ¥ 340

NOILOTVI0D 40 J21E ¢ 3370V 26

AANONS >
NOILSY qz.J.:uny‘.wa ‘INISSTII0¥d INAWYS
 «d0dA ALY 29 AR F90L  LI04SNNYVIL
NWoYd AVOTAYE 0L LAOLSNYRAL 'IQNL
DRISNY AL OL DIJ0-MIdS AR  A3ISNYIL
FIANNG ‘A TONAY TN WYIQ AL A2 3704
YWOA3Z ATWOINVAISN LAOASNVIL ITHANVS
a3 ANE3A

S ADAIMNAL  WNDILAAN AING 0S
NNONAYY 34ISNT AIAXId 3T AVW -~ 3_V3IAIsadq
Wood 9NILVLOA  L130¥S :LNIWAOTI4IQ

SINTNIHINDIAU DHNILAOLLNAS

(U7 S S B

NIA AC PAION T (NJAQ 3ULIL IAILLIMISId

QY

9 LAIINO) OINITdWVS



HOL3INS

99/8\/% iaava
Wivd 3IINIAISTY

FINAINFWNOIIANTG
17300 N NNYUI L

—~20% 1M ¥ $TICON 10S
:IH>NYWAHO0433d TIVA3IN0

PeACLNY AAVAD u.iz,awrzu.«. \€ :ILIS BTJNYS

AVON :NOIL¥AVEI3A 3TdWYS
NN SYID JTINYS

:3TdWNS 40 ALIIVND

hj
si

DY EIDY 0L AIIYNMANLIINGT  ABN B0

AdYS BiL YLOT LNO S3MBL wowm  NOLS)
DANYS INL IR DL IYH dthzwwm
) m.wu_o.:_uzixmuu 2@ SNYIN V¥ uom:ogp
$A3

MPTRY DY IR LT RAINNY UL
kadasn LSAPMNL 4L AAIN0D 32

4 OL WS I¥L
OLN 211 SELATY Ay wnNdaLxa 3Rl
© J0A LSY . UM LST. T

DAV IQA0OW ALDIGNIS

TEATAYYS INL

29 NN LV Lly¥L O Q350 3§ LYW

A9 0L IANe2 L\VN4S Y ATINLY NI

ST ML SA3%9tMd AN @NG anl any

PLM DKL WA INL o a3apon .
26007 INIddYAL A0 AP DWO

NId 9981 %™d epl '22vVAANS _SAL

WIMOd
(SLSINILIVEVED TYNOILVA3d40

 IMNON INISSIICYd  TIANYS T

YN INI20D
N DIV RO DN CLA0dSNYY L ITdWYS

QIOVYIANS
DAL oL TWOILIAIN (INIWA0IL3d

SINTWIHINDIAY DHNILAOLLANS

=29 PY YMIBCED 31LIL  3ALdI¥IS3d

-9

1]

L43INOY 9NITdWVS

-




£1-49

HOL3INS

99/31/%121v4
7/ 3/S% Wlvd IINIAIITY

FTIVINIWNQIIANT
AV $T3IAON NIVAUI L

S~ o0y 109 MY STICON 105
PIHONYWHOAFIA TIVAIAD

BDNOMN NI LYAVEIIA ITdWYS

\ . Syid JTdWNVS

oomWQ...mﬁMu 314WYS SYWYAD ILIS 3T1JRYS
:FIAWNS 40 ALIYnD

=
'WARLS DAL 30 JUL 2HL LY §$ 39S 3INL W3N0
ANdS 0L Nos ANL HNIMOTAY NOLSHd Y
INIT WBELS AN 40 NOWAQ 29 NvD 4D 39l
LO3nLY MR '3l0-NIAS AR d 2941
Wodd dADIAVIISNNAL BB NYD 3dNNS
ANL "DJNYS QAALDI3TT0D IPL W 0oL
S EYDI401A3d NN AG LV 3R NyD SivL
‘@D NOIL2EM0) DANNS TInl LN
DAMUSN! TIY3 OL S$SIOUIYA WIS 3Nl
THOMMETYY SONL W2RLS DL N SModnNIm
[43NPA0S N1 _LYVA $IAITS 7108 .. AANISO
oS~ YL DINSLANTA L QIO IR LSIIHL
I¥L DAIN0Wd AL uo&ww.an_mﬁk 0l N1
U] SPLNTI ANV WNIBINB 3L SY
0N TLSH T ) UOMC 1SS T
DLVNY IAONW ALDIENIS AIMOd T

COULSINILIVIEVYHED IVNOILYE340

L ANIAAE A8 INISSII0Nd IAWYS T

<D NOLLDAIND
=105 NI WO\MWYAOBW (LH04SNYH L 3TdINVS

" 2INAYNS
ANL oL SNIYOILABA LNIWAQCTL3A

SINTIWIHNINDIAU  DHNILAGLLNS

Lo 0e 2Ny

—~NNIDLN RWLIM  AD9NY _:31LIL 3IAILJIMISIE

AN

1 Ld4IINO) 9NINAWVS



TIT¥A INITAWVS TIOS

NCLYACDIINDD FiCLYANT INSS
dz407430
19560 43 Iramys —

QAIMSLS
SIINNY Y
RO CL R REREE SPT S

-

i |
WILs
TR WRLAG —,

—— s¥: 1Vd
\ i i
\ |

T = il
waLs *
TVWG WINN —— H

" i i
R LW0wrs TR D oA ' i

— NONNCAL WIOT LNINACIEIY
L/

ILYD 0uLAD; /
Nondei es Yo —/ .

633355 tpws —

IR LovemI — 3

QATIIANTT e —

a®vr07
any GREN3LYS GF40783TNIL TrvIsacH
ANIseon e — INBE BINPWE Lovew —

AIUNBSY 342G GRY
YD NOLSIE AMILYINE

S WsnYEosN G120 Sag

NI 3038

oLow |
WD AIVLOY —

\
X .

AN
\—  woLow 3pua Ovua

wa

1
I

s 213 anlm)
99/ %2/2+N¥ (IUIZ olw.wam.

0> 1d27040)) pANLS
QN0 AYd  BAN2S

N ovivd mUZWMmumx

IV INZWNOYIANT
N0LD223 HIMETY wmm? 1Y :$73d

GN NINYYIL
$20262% AMININ .vua.vmr-).i 'STIAOW 1108

SNYWH04¥3d 11V2300

reanl  ANRISS0d NOILVAVEIIA FTAWYS
¥as S9> .

qyid JIdWVS
x\p..;.,w_u AYHY  IVNNS swyRP Y 3TIS ERPIA Y

"IU4NNS J0 ALIINND
3593 LIV IY |
@704 WOW3IaAN 0L NoGY{ M LA

r8 Qwoa.,r.m%?ou. quUddUuwaiuk ANAWNS '390L
130ddps 128 o~y sUBAWIRD il Q3193700
ant W2LS 1NA0 280 <40L LY ONIADIE A8
cmYNYd ALs ¢ OLNI Q2iNINdIIc sl avawys
1437M07 9eMNAa 21550 IWAL/ LVVLOY 5350
ARy A R «m:.wﬁmzwwmzﬁwm

IHNZALS 9N
, .ﬂn.&»w o9v? Aoy WYL

2 3RV rxkz.o,...ww;ﬂﬁd,“&
L) QaMIvL ™ \ 01 0 -
wd“ﬂﬂsthOh ﬂ..:uo ¥3113134 oL G21¥10¥W QNN
NODY  HuNwmpINd 4T QRADIAT $1 NURA 3L

Qg WN00% LNIW L0434
Nl 002-021 70N LST WS WA CIOM Lsd
UAWHNOY ALDIWIS  $1AYM 0§ 2 ATIMOd

fSISINILIVEYHD VYN0 LY 334D

SNATAOS AN LYY
70 LLINA QY O
(alhir-1- S uﬁp_,.rx.é.

0
9NISSII0¥d 3I1d

91
12
WYS

S39CL 40 LAV AYD GNY DOAIANDOD
Jﬂ:.rmun,? .uwww.,.o wWe? Puoamz‘y_r ERPIANAS

o3I A0S G AIIANYS AJapi1aq oL
QRLVLON WeO0N  I™Nd9IS3T 3L LN3IWA0T43A

SINIWIAWINOIW DHNILAOLLNS

] YY) 11124
N O0IAYY 3HNINOS a0 -31LNL 3AILd1dIS 34

“ Ld3IINO) HNITdWVS

]



AHTAITIA TTIHYSE

ki

NC1LISINOF FT5117S TIOS

ANIWAOTSIT HTTIIWYS

4

Swoog /0 NO/LIINT

]!

B-15



91-4

CHOL3INS

@o\w\m VoLV A
Nivl 3ISNIFAIITY

AN INZWNCIANT

9509 AVI0S 1PN TV STIAIN NIVAYI L

S-os  BS007 § IMS2N0D STIEON 108
c3oNYWH04Y3Id 1IV2AIA0

200 ™ N LY avE 734 JI4NWY S

: ANIN SY!I@ FTI4WVS

DEVNOD IAVAD 314NN Sk 3TLLS ERPINA S
314NN 40 ALNYND

S0 ad ALVM
o@1SN TINPILNAN 9L 9NID3I3 A

AON0ANL A 23ANTSq €1 D4 NNyS Tios ANL
TyI@WY  3RL DO 10INIANIN N 1N2444 Ag

42505 St 49038 3Pl '$IYND “OWLNOD
2yl QNY yNgo® 3N WOy 30 NLAP e Y 1
QADINMAF0G) RHYPIFIPL  Q2PS1RIDN &
MOILDDTN0) MOS ANy 2INIACS AL 9L
aDP3IMOT S 40005 FHL SDOYND N0ALN0D
TIBASHNTD A6 NOLON NUNTBA3341Q Ay
QaAN240 S002§ AI2NSHWNID  3py QoY Pro|
AIATRQ CL A3ANTLXS SI W00g

ML
“0A 'LS3 $WIS.  I9M 1ST
DANA2Q OH A LIDINWIS MIMOd

GOLSINILIVEVHD TIVNOI LY 3340

A00o2s 30 Plaim
A9 QA3MANTADE QALDDIT0OD 3NILWVY
D2IS WOARIXNY W - INON 9NISSID0dd INdWYS

27p8dYD 0L WO} 2QSNY 8024 ALINY2D
21009 S N TINDANY ¥DAW LHUeAINYY L ITdNVS

L3233 0\-S DYUYNYS - WOOE HIJDSI R
Ho  WOoea 37N I0d (INIWACTLIA
SINIWIVINDIAE TNILAOLLNS

woog

29V NP3 - II2HS WD 3L AL 41 UIS A

YS

P L43IINO) 9INITdWVS

-



LT-9

29k 121¥a
Wlvd 3IINTAISTY

I INIWNSYIANT

Ly 2anapyd 123538 193923 TW:gT330 W NIVYYI L

2ANETYIONY ACO0OT $T1IFoW 1108
CIOSNYWHOSAId TIVA3N0

INQTLYAVE9IA 3T4WY S

) SYIg@ JIdWVS

- 3EWNY 3N4AWNS WYY T3S 3T14RYS
CFVAIWNYS 40 ALNINND

™Mom3 Yy ML S3IMILIYYA IS BPL 9N ONIVILNT
AMNY 13- ALVON2N Mg ¥ »mLIM
20102207 IPL PRI 9MMZIN0s0AaY Ly
PIBISNYRL ST DIAWYS 3 A3W3AS Ay
L2YWO0S W O™ peNad S' AWV
DRL WHNAABLBE VALY AV QoW y
WMISO WO ATV NI NG QDS0ND 2ay
$400°0S INL 'dA3NDNILDY S\ WIAvwS
D2RL SN MMNMNOS  LIODMIM0D 91 NIJo
~3IMIQ AR S4000S 3INL AWHNWO) N

210N LS3 JI9M 1S3
2LNAIQOW A LIDIGRNIS HIMOd

SOULSINILIVEVHED TYNOI LY ¥340

TRABASNY AL BIINYS
YA NE  DANNPING 9NISSII0dd 3IN4WYS

ANOSAND  OL AW Wyg

YOG VINWEBNG - QORI 27INS
NIALI M ORISR CLHO0dSNYY L ITdINYS

12233 0s-07

LM3awsod 2qQ S1LS179 W e LNIWA0TI43Q
SINIWIHINDIA DNILAOSLNS

HOL3INS

DUVH?OJ O_éqzzeuuuooow
212714ANYS A2PS WYTD 3L IAIL4MISId

\-9%

S Ld43IINO) 9INITdWYS




81-4

99/s1/1 2LV
SANOALN AN 1V Livd IHINTAISTY

IV INIWNOIIANT

$T2Q0W W '$TIAON NNAUI L
s1300W 1Y STIA0N 1108
;3>NYWH 03 ¥3d TIVA3N0

MO NOILYAVETIA 3TWYS
y S¥id JTdWYS
whog Sp A0V 394WNS  SWNRP 1ITIS 314RYS
“3TAWNS 40 ALIINOD

“AIMVILY N3N SDLA0AS NINAL S 2IANNYS
L2 MY ALworap NI LR - QaWI(SsSZA4
34 N PRIHM = RPSNYID (3$0710  TAL

GIe™ G3NSINAWEDIN S\ TNIGNZY DIANNS

9 NIAYINS AQN0Sd NYD $39303 OMNIS0TY
N9 MI0S BDNL 2MNIL237700 M) 16Y%syY <Ol
(3v304%07N] 39 osmy. _NYg 13¢ ITNVZIN05093N NY
$53%%d SWL ™ a3173170> §1 T0s awdMaod

S13NSNYI0. LY 9L e ol C9NILONALNGD
apy. MIRSWYID  aFYE0d TFALTINL GN3LAA 49
aIVMABo3 SINON ATIASHYID AL T AV0IAVA wWedd
IWARPS 01 4DAIM0T S\ QN3IH TI3HSWND 3L

“S90A 1S3 O se1S > 9M 1sd
B4 WIS ALIDINERIS “¥I MO

f<LSINTLIVEVHED TYNOILY 340

‘ o et LPodstNAL L ANY
s1ar  JUNHA3N g CEESWY IO 337 3S
N T ABWA0AA34 INISSII0¥d  INAWYS

™Mo
QDEG717 - JVLYHOBNG (LAOASNVIL I4INYS

1333 02-0\ 0l
JN IINNS  C a¥3H J0 Ws:b,q oNIMNAD
Ag QA peNd A4 273 :INIWA0T43Q

S INIWIVINDIA  DNILACLLNS

‘Ao1LaNs  [a3p0n43Q d713s - TMaWS WYTD _caLlL  3AILdidIs3d

<1 L43IINOD ONITdWVS

2259




61-49

HOL3NS

29/ S3/7+3L¥4A
SANOYLAMORTY VLvd IINIAIITY

1V INBWNOMIAN
SANAYPS L¥T3 AINLYIDY (61200 H NNAYI L

=2 2AU9Y 2600 :$73d0W 10S
NIy A NNWMO4NTd 1TV HIN0

NQLLYAYY 934 3ITAWYS

‘ Syid 31dWVS

VY I4NNYS ILS BNU4NNS
..\_szx_muo»,tijo

'hG08 L SISO YMAdS ININMYAIY  3IHL TSI dAdS
2M1 4o 200 (o INed NOLONZA ITNNUS
2114084V RL N ISNA 49 43S0TD SV ARdWNg
IPL CTONGICS DAL N0 2ENIWYS  anL
YWMOL AR A LAISNYAL OMNIM A3 33PLI3
| IWIYOS A 3440 DML NO ABFBNYD s NS
SONOLYLNANY 42WA233A4 0ML 30 AN W
NS S DAL N0 DN Iim ARY  d3 k00434
MHLSNE S1 SiHL "QABWIed sy DY AR0S LYY
Y AL oS SYNM3ds omy MLy M 43 QN0
QA4S S DAIS HOYF ‘$2A1s a3IYNIH WL
NORAINYALIL N IO SLSISVOD 2 37dWYS 3INL

0N 'LS3 (I9M 153

JdNIe ALIDIGNIS MI MO
SSOMLSIYTLIVEVHED IVNOI LY ¥ 340

ONISSIO0dd INAWYS

WA DNA LA AN AIM
OISO NNV HIBW (LHO4SNVE L ITdWYS

91 TYIMYY ~ DLSIVIWG INIWA0TILIG

133y ©Z-
SINIWIMINDIAY  DNILAOLLNS

TUIBHINYID ANVSSNA -\WIAS 31411 3IAILd4IEISId

98§

Lt LAIINO) 9NITdWVYS



0¢-4

CHOL3NS

99/ LY 3LY¥(
/L Wivd 3INIAISTY

I INFWNOIIANT

©:¢TAA0N NNAY3 L
~20¥ o1w0s LPg J7Y '$T300W 10S
:3>NYWH 04 334 TIVA3A0

NOLLYAYYT3d FTAWYS
311S 48 42 LA0S Vil ERFERNE A
oS Sp AOVHY ITANNSIA O\-S :3LIS 1ARYS
"37dWVS 40 ALIIYND

‘e AW 39
1304SOVAL YDILAEN AN POY 0L asaMPPIY
¢ 29 VUM W3ALS AUIANNI MIILNTO (VOO
v ‘a221834 S1 Q23AJS NOILYLOA MO 1)
2 QDANOASNYAL SI Lyl DTIDOWAVA 0S
3g DLAS WOANIXNYAW 4L 2NNA3A A0
$mva3] 2L 4@ 3AL'S 3RL_'sSBA'S DAL a0
SWLACSSNYAL 3§ 0L NWOS TANL $3SpV 0
NOVLNAFA WY OIILIAFN ANL UIAM WIS 3NL
20 ATNM AL oL KNS mAL  2EWYD
CNOILAN PY90SELNGY T BEL CSILVLOB W21§8
UL TV N0S DAL SAVIANS FOMM $400°S
CINNYE2LXZ onL SNIVINGDY Il IOINGY 3l
J0N LSY © SN 1S3

2N4WIS ALIDINIS HIMOL
SCOLSINILIVIEYHD TYNOILYA34O

NOILOW  LA0dSNYAL 39 ™oLV
2041 LAOS .m,m NNy WNeILRIANTD 9Ny el
DY INILLPY AR

'9NISSII0¥d IUAWYS

N

J
ONY YNTLS Jo  NolLDY TNILYA @I
LY WOINYN)D BH LA SNVAL S

gayepaa s
LG NOVSNDLAR AYIILIEIA LN A01d3a
S INIWIVINDIAU DHNILAOLLNS

a 0008

Qs

ASWLOM :314IL  3AILdIMIS 3

%1 Ld43IINO) 9INITdWVS

-




I2-49

NOIL LV DY 3 NOD
AVAINA LI

OLAN I OIS NGD
n L83 A01d 34

‘HOL3NS

29/82/2 31¥0
LQPLS T8N Wivd 3IHINIAIITY

FTVINZWNOYIANT
" ISTAAON NINAUI L

M2 § VANV AD VAN LLR Y STIAON 0SS
'IONYWH 04 A3 T1¥V 1340

BNON  NOTLYAVE 934 ITIWYS

. : DNON VI JIINVS

GINNE2ANN “FAVAED  IVINYS  SWN 29 :ITZIS 3TJNYS
S3IdWYS 40 ALIIVAD

"FIINYS

IMSIRAD V. LOO IR 0L 2SO BB NVD
Yy DILVYHAING ¥V '$2¥29Nd 3HL QVRUdS
0L RSECL 3QISN ANl oMMAN3LXI

PR A24NPQ S ASNYS IWL  WDANIND 3
™NOLSId  NLYWAINd ¥V BV QIASI1TAWIIDY
29 NN NOILYYIULAT "qAINMWLIDA  A19Y99%d
S1 907d Q1708 ¥ T710S  amsmAgd N\
‘AINDDAYHOY DSO0T  YNIdAVAL™ DSOTD OL
SDIYMNIZ ANL 9INPTV SBLOYALIS NIAL
S FK0L CAIANNT IR NS DR N ATIWI
OL L1 53as5AN2? WACL JQ A¥IINT DILINIL
LTMINOULYANIND dBLYSAITIADDY &1 P3NANYS
<N OS-0Z 0\ LsY S8V S >  9M I3
DIANIS A LIDIGRIS WIMOL

1S IILSI mub«d«zu YN0 LY 3340

SNON  9NISSTI0dd IT1AWYS

'JEOL WOAZ  DIANYS 30 NOISTOLXT
TIVINYHIIW KLY Q3INIBHND) 03d A LIAY Y
9 AIMOITI0d NOILINBLIZ INDILY3
A9 IVOLNYNIAW LAHOASNYHY L ITdAYS

>yl

LIOVdW! ALVD0T13aA WYIH
Mo LsOARL HOVM AIBNKLIB 20 SNY IW
fY Q3R01434  ATIWNDILHA3IA LNIWAO0TI43A

SINTWIMINDIY DNILAOLALANS
(@ 34il)

HIIANYS 904 c31LIL 3AILAIMIS3d

N9

bl LA3IINO) HNITdWVS




¢g-4

Av¥ay 2AL 40 189W33
2ICL TYPQAIAN

——— e+

’

.--'
"
<2

-
=
=
“4
=
[

99/ /¢ 31V a Wivd 3H>NIATITY

IV INBWNOJIANT
1¢TIAON NNAYIL

) yA" ©PyoN 5007 STIAOW 1105
SN0 20 WY tIHINYWAOA A3 TIVAIND

=M™ :NOILVAVETIA FTIWYS

2AYOTIDOY AMEAINGD A6 35007 SYId ITIWYS

«sfwdn.m%ww I14WYSWRY & > TS BTV4RYS
“3VdWNYS 40 ALVIYNAD

S ErTIANYE 0SS DAL 1D AT
oL DYNL 2HL oL Qﬂco $40W 34D
L NIDIO0S IEHLYAD A\MY Y OLNO
WIANSWYS AL HSSIAd wo d3/0n 38
1 WIAWYES. IvL ‘LT OIN[ QWAOYa S\
AN DIANNS TS Y 1037700 WS 3N
GNILYZLANTY SFeOA . 2SNl ‘S DNNINGA
Y2308 240 dNn._ Y 3 .ww..o.p QI NIS
a8 Ny soolbisad 3ind

_ =S > 'S IPL

OLN) mﬂtp:.uﬂ% 3A3SAAd s\ A GWYS FAL
‘ CJ0A L I L) ' W § < D
2L9A3Q0W ALNDIGRIS T TYIMOd

SLSINILIVEYHED IVMOILY 340

M.l T ‘.Tnlv. ‘IN ‘“{x I uua.hll
ISS3)08d TIAWYS

T b8 QINWUALIL TN

T O'SRAEML YN ANyS
N1 YNNI IN TLANSNYEL ITAWYS

AV DILI 3N (LNIWAO0T4AA
SINIWIHINDIAY  DNILUOJANS

:HOL3IANS

"

AVREY 9Md JI0L IME 3L 3AILdIEIS 3

Q9

ot Ld43IINO) 9NITdWVS




€c-4

29/6/¢ ' 21L¥4
/6/% Wivd 3IINIYIITY

FIVANBWNOIIANT
s1ZA0W 1Y $TAAON NNAUI L

SUFAON N STIAOW  T0S
PIONYWHOSIAIL TIVAING

INOILVAVE 934 3TdWYS
SVIQ 3TdWVS

VY 34ANNS (3LIS 3TJRYS
:ITVAWNS 40 ALIINNAD

AI084AVYD 3MNL sAaWMOL NMvad

Sy LV SY S¥DQANS (3l as IaHM
BHL DQIND T GooH ML TNAOCNTL N
HWGGR 3BAL 4227 0L SANBL 123N 3N 0
NOLNA0 3INL CB@OL  LAeASNNAL 3IAL OLN!
PSPAE IPL 0 L0 $IMHILAYA W0s (M0
TM Ggod 2HL AW N SL3T K LI9013A
PN ARAVIWROY. ‘oo%. BHL  0oLN\ 0D AW
ANAN.BRAL SN TIIIAM SY 13ADAM BAIM Akl
A8 Q00H BAL oLO! dDIAAYD WY SANILDVE
CUERLL I TRIZIWS 03V WY AT T GALSISSY
S2UFYL A0S, INIDA0TISIA  SAINIGA 3IRM
FAIM APL  QALD>VALIF St W00g 3wl oY
©OIJ0A LSY T © O t9M 1S3 T

PN IA0 W AL IVANWIS MIMOL
SOUUSINILIVAYHD TYNOLLYH340

. 9NISS3I0¥d  ITNAWYS

IINRW{AIN
AMY  INDINYEI AW (LAOASNVY L ATdINVYS

L2223 01-S DV NNV
‘WOOR  RAVPL INId0OS 2NAL
D™We W0/ . ANA’NY1AnA LNIWA0ILIA

SINTWININDIA DHNILAOLALNS

:HOL3ANS

T 3T Y MNIZM0S03B% WL\t
NS LIB DAIM  9NILYLEW (31LIL  3IAILdIWISd

T Ld43IINO) HNITdWVS



tHOL3NS

) "3
99/5Y% »21¥8 WLvd 3IINIAIITY

ETI,

= 3pn L437X3 1Y :$7340

N2PIND AA3F 3000w ¥ s1300N 0S5
- (IdXNYRWAOIAPI4 TIVAIND

NOILYAVE 934 3TIWYS
SVId 31dWVS

b FIGYSY IT14WNSHYZD § D 3TIS 31JWYS
sSSP 37dWNS 40 ALIIYAD

QNaIJﬂU
“WANWRRA WIS DIWWNNING 21 ROOINn) 1
My AE2YBRL WLAA 3ABAVL INL 01LNO
DAVL DPL IMAIDISNNZAL A3 QIA NN

QL) DNANYS DAL 30 OIVADAILDY NN
FINSIYD 2NL 0L 3 arWNS a3LDATWD ANL
ANVIN AP LY M022% 0L 3dviL 3M SaeTY
LS VS DYL Y VMIsy 3123 'A_dYL 4L d¢
YDINID INL 4ayMOoL L\ hong SLlar
1IYHS @P@Jw 39Q3 3RL A HOTANRL  SWARIW
RiA R NOLLOW OAWUNIONEIDIZR .Y B L\
ADYIVNS YL VWANAGY OL  I4avL INL
IMSOYD RLAOI ANV, T AIVE  TAILYINDSO S
WAAG SNPWYL vl HLYN3aAT 9083 sAy OL
Q303 NG SYR 3dVL BNL N3IAM-
IJ0N LS ©U9M 1ST

DY S ALDIVEKWIS - HIMOS

SSULSINILIVEVHD TIVNOILY ¥ 340

T 3aVL 3@ 2A9QR VY Ny
€L0MS O uuu:n 2O LWWOIWNYHIINW
AMY  DNIYHNINGINISSITI0Ad IN4WYS

'DIINSAVWT SHL 0L SNINL AN

LV S VWA 344l 3apL NI eS 3IRL

PNLO3"07 Q0 1N OL L1 smeTyY  Bdvl N
AN IV T NN1INADY LHUOISNYYL ITAWYS

‘1334 Sy OL S
VYT ROVSANS ARl YN0V

S03NN oL 1l S3EPvVD  DEPL 30
QQ.L\J(JH:Z._ O.P(IDN,JK SINIWAOTIL3Q

SINIWIVINDIW  DNILAOLANS
2IINYS OSSO av Iy

AVl Ag4X 214 31LIL 3AILdI¥IS 3

PIS

27 Ld43IINO) 9NITdWVS




6z-49

(HOL3NS

99/¢ /5 s 2LYQ
/8/s Wivd 3INIAIITY

LNINANYE 422534 LY Y :ST300N NNAUIL

FIVAINEWNOIIANT

170} FANA  LPS 1N STIAOW 10S
PIONYWHOS 334 TIVAIND

7eos s p AGYHY IVANYS TS SILUS TVIAYS

:NOILVAVE 934 3ITWYS
:SVID 3TINVS

t3TAWNYS 40 ALIIVAD

SMETI Y A3ROVL A ST BCON  A¥MY WY 2A4
Ity

QAADIAL DA G\ ADIIUYS DAL SN T IINAICS

TALINY3E AS ATINSSAYO 3L ol
AP AICYAL. 3g 0L ANAWNS WS ANl

2Pl QRY. L3IUAD0S ININID3Y ¥V oL
WAG S\ W34V S I¥L FNSIND AL AN
409 2ASTN dALDAI0D IBY ANY ‘SaA000S
TMS 2 DUANTD. ST2ILANA A QIQY Y8y
¢ S24\T¢ Ll PARM B3N0 DowAN(0s 3IHL

A WI3N0D HM&mMM_axw.dmdow QAL R LA

S400°S N 7MY A QIYMEed ALIML
BAYNS ™M INIINOD  SY A3 dMINS 3L
COJON Ls® T T T ©OU9ML 1S3 T

ANQNIS ALDIVNIS WIMOL

SSOLSINILIVIAYHD TYNOILYE 340

R W U1 ) B - i Iy 11 }0)

VWMRAPA . NINHELOY INISSII0Ud  IUAWYS
S ATN SV D
T Ll e
_313@2 SLUOASNVY L 3TdINYS

1333 0S-0\ oL
LN3WREA0NERA Dils\va (LN3WA01d3a

SININIHFINODIY  DNILAQLLNS

AR ONIF  9MMANASY_C3TLIL 3AIL4IEIS3d

aL

I L43IINO) 9NITdWVS



9z-4

tHO2L3INS

%59/ N 214
2 \m LAaDINGIY 14T WAivd 3IINIAISTY

T INZWNOIIANT
:$TAG0N NNAY3L

41Y 130N 10S
;3HNYWH 03 dId TIVAIAD

:NOILYAVY¥ 934 ITIWYS
..\ WiaIINn IMa 20 av3ae syl ERELNA ASS
(703 w1...w9_¢u 11 dWYSINWAVOV-§ (3TIS 314RVS

:37dWNS 40 ALIYND

AV AL IS
NOILSAMNG WL $DSA NIV AOLON INL
oNISATNTD  'WIoW  INAH 01430 38l

A9p0BNL 3 LSIND INL OLN AALASS NV LL
NBnl B3IV AFNL o3 AN QLN
ABALOAA ANV TIM _AINNI INL NO 40
GBIWMAINTD DBV ADANITAD IAL N AAANT
SR Lavd  WeS ..aotu.unm 2Pl aNaveRY
ADWYIAL  ITUONNNMAN  RIAM EYR L ke I n&w
ol 12343323 M@ 118 ol WAINIALD 3

IOV 1M L ™od J9NIR . ARL LY 230VUo
NIAYSY X »Eﬂ..dﬁn&ﬁa#- IHL.3LV10
TTU0a T @RAYMLDY S\ 010N 2R AWII(S
BNL NP ALLS3Y  S1 BRUWNYS R

< RS C : AL A2LdY
TJ0A CLSE J9M_LST
ALDIERIS WITMOd

CSOLSINILVEYHEY YNOILY S 340

e ‘.m>w,m
T e NSNABY N DN BLO 40 “T2IS
A8 TAMNNNALAQ INISSII0Nd TTANYS
F0LO3T0D B0 IAD LN LIV BolDICI

AS .un:.,.w LBO04SNYAL NI 930INI
(073 = NLWRCIN :LA0d SNV L 3ITNYS

QANMMAA0 WO0Oog :LNIWA0Id3a
SINIWININDIAU DNILAOCSLNS

ApDIS MY YITBANINAD 13TLIL 3ALJIMIS3d

V3

¥t LA3IINO) D9NITdWVS

]




Lz-4

s
a1dW Y L TV LNAWNOYIANT
LAY :ST3A0W NINUUI L
~7263 Q1705 Lp3 AIY :$1IAOWN 110S
;3ONYWHO4¥3d 1T1VA3IN0
NOILYAVEYIA ITdWYS
: . :syid 314WVYS
nGos Sp FAVHY 3T4WYS SHYEDS » (I TUS T1JNVS
3F4AWYS 40 ALINND
A _ 39 0L
INonAe1d3d 01 NEPeQ. Ny3 0L Thos 3L
.ozué.ju 'SAYPVIA 0F) A MMIWYT DAL
NILYL0B AR J0AC_ ALINYAY LS dI3AV34
S A dwysS oS BRL. NDR . JDOWIG
L UWRINOGY CZHAL_DAYS™ T S133 7100 oS
N1 ABIASY INIZR Si LSNAA AWM
ARV L0A SV ANIH INSYUYY IYOINND 3L
ST K - TLIOM 18T
3MMIS ALDIERIS MIMOL
SOILSIYNILIVYYHD TYNOLLY ¥ 340
| a ,mxuum:z.‘_ .waz,..wuw% houw__m
A8 %w:mja.io..ﬁa 'gNISSII08d  FTAWYS
J0A4 ALY 2D
.umiimm YNISO TN INYADIW ILAOASNYHL 3TAWVS
107
o237
o 19" ~ NOISNILXA “WOLLAZN ANV
(13 NOLLYLOD YISO WO LonS :LNIWA0 1430
SINTIWIMNINDIY DNILAO4LNS
{HOL3NS ANBIS DASNAFY CUYDINOD 3L IAILJIMISIA

99(9v/¢ 1 20v4
Wivd 3IONIAIITY

ST LdA3IINO) O9NITdWNVS



gz-4

S)BASNYIL  IANNS

NOILI3NNGY  ANdWYS

THOL3INS

99/11/s ‘2A¥4
\_. \ WV1lyl 33NIA3II3Y

IV INZWNCHIANT
13000 NS L

M0S 1p3 VIV iSTIAOW 1

2ed A0S LY LNoi¥ad 11vaano

NI LYAY¥ 934 3ITIWYVS
: ooy'd 3T4WVS
374WNS WY3DS > ITLUIS TTIRYS
SIUAINNS 40 ALITYND

mfos SP 30VAY

HWYS uz.voz.uruvn.rm y.ﬁuw:..uwﬁ
RAYPSIVD 0 ARYIBIISNYAL LI
:mwmmunwpua:: sl Sanm Lavd
NWHS Moy SNV ReIWBA WS 3NN
S0 2VIVIA0s BDLpo AL a2

BT
23 W3 NIANYS "
loﬁ\,w%a w%.u_ ouLm,wovw w.r wwwwﬂau
y AdWHWYS ANL NI s 3
x%ﬁ:.uBNnguﬂw JWL Nl 2ATAMYS 3Rl 330
MIdS 01 Wd3 A9 LY VI AWHS 1L ININNIGS

Tad QINSINAWENY S\ TAR3sONAL RALIE]
-V

1 NG LO31W

avyYsy S1 oS
FNL  ‘ADNY 938 SI LSHUAAL  ATMHM
ABLYL0Y S| QY¥IN_ AMSYIWY W

NGO BAnL
70N LS3 IO9M LST
D dWIS ALIDIGNIS MIMNOH

COULSIYILIVEYHD IVNOI LYV E340

- 85320344
NOYLDATIM0D AS 9NISSIIOYd INAWYS

3992104 “WINSIYIN3D k8

ANy 3INS
NI

ANV ADI AW LHOASNYE L ITINYS

TN NLAITA (LNIWACTLIA

SINIWIHNINDIAW DHNILAO4dNS

3p3le BMSY ARV W

2109 - 31L1L 3IALddIs 34

2-9%

7T L43IINO) 9NITdWVS

-_—




62-9

w12 DNIS ~ONIN INVITNIIN
WoLoW  aMAd  a¥ AN AN ANVASY

13r 20L700N1  J3033DF4 WNH

90L LB0IINVYUL
ANY W03 374¥Nd -

DYCL SO
2APSSII4  W9AH

HOL3NS

99/5%/2 3144
SINOALON0ADY F 9YT 140 WLlvd IINIAIITY

IV INIWNOIIANT

$IP0tA VIV STIAGN NINAAUI L

SR80 1Y STIA0W 108
IHNYWHOAAI4 TIVAIND

NQILVAYY93IA 3TdWYS

V SVId 314WVS

mGos 5P TAAVHY IVINYS SWYAD ITUS 3TAWYS
S3TdWYS_40 ALIIYND

BRI 0L |
NOIE A A0AQ ALIWAYD & BAWYS 110S
Zpl  LPoSASNY2AL 0L NOILISIS TWOILVIAN Y
Ol WOUR 2HL 9cMLVL0Y NDNL GV Q=R
MOYTHLS N LDDTT09 oL eS0Ty
0L S GONLIW DAINNADLIY NY "Wl
IIGYIVNA YIS M0 DLNNO3ANG Al sl
1304SWAL V108 "9NIIdWYs 3NN $I00LNOD
NIYAYIL Y2077 ML meTlod OL 3334 so¥L S
. aN2A INdNYS 3HL CAgWYS LD371700 0L
0ALHOVIL B 1M0IS S WO0ed SY  Q21N10w NIl
Sl ANZA INITINNS DHL  DINIVOS SIOYLNOD
AN ANTIARNS CTLN DT QILVIOW NIAL S
WOX 'Wo0Q 340 HLINTY 11nd ol AIVIILE3N
Q3107434 S' a¥3H  NIAGYAIY  IVIIAANGS AL
oM Lsd - oM 153
ANdNIS ALDIKWIS 1AM 0S-5T H¥IMOd

SSHLSINILIVAVYHD TVNOILYA340

HWSINYRIAN  NOLDITI0D
SO [NOIADY AR INISSII0¥d IVAWYS

Q03T L LY
£3

k-1
VO NINHABNA LA0d SNVY TdNYS

1334 02-0V RALONIT
d3h01d2d 'Weel  3gv13Nd (LNIWA0TdAd

SINIWIHNINOIH HNILAOLLAS

(¥ 3228k

INIIS GNIAYZARY IVIIBTHAS ©31LIL  IAILdIMIS3d

e

LT LA3IINO) 9NITdWVS




og-4

anpa

NGILDITI0D  31dNYS

iHOL3NS

2 \ 1 31yvd
2 »/% WAvad 3IHINIIIITY

IV INFWNOIIANT

:STIAON NINAYI L

Y202 41108 Lnpa A9 :STIAOW 05
:3HONYWHO4¥Id TIVAIND

ANWRIRL CNOILYAVE 734 3TdWYS
g3 SYid 3TINVS

S.aeYRY 3T4WNS SWN 2D 1IFLIS 3TIRYS
‘3T4NYS 40 ALIIVND

‘BIIHYS WL LAoAaTnyvAL
ol a3Sa S\ NOLIY "W9RAILNATY
aMY SLA0d INVBINGIVIS DHL ({240 OL
Qa3LYLOA_S) NI DANSOND L2A0A BENYS
SHL ' AWNYS BRL A3ISHYAL OL 'NQLDY
IN9OIIILNTD AT WSIA 3RL 40 2943
S2LA0 ANL LY Q3LOANN0D S1 AINWYS
PSS ANL USDANLIO0A Ly 3y O 3OVAAND
3pl ol g3DJ0o4 S| 3JYPL ¥ A0 ANI
IPL 0L aBX\F W6VA  wN\@vIRY  3HL

"~ 0N LS3 - 9N 1sd

BN S ALDIARIS WIMOJ

SOILSINILIVEVYHD TVNOILY ¥ 340

NOYSN2QY INISSTIOUd INAWYS

NOILOY 90313130
yvJ<u,:¥1uw5#m§mz§rmd_z<w

wooa Yy NQ
%JJﬁ.ZoN.,MQr VO ALV AN LNIWA0TLEQ

SINIWIHINDO3IAY DHNILAQLANS

N OIID3A6D ANYA3 L3O

BLIM  ASIA IMSVISY. 3Ll 3AILdidIS 34

g

3z L43IINO) 9NITdWVS




1€-4

(HOL3INS

99/%1/¢ 121 ¥4
1A DIMN0D 40 Wivd IINIATIIY

TN INFWNQAIANT

'ST13A0N NINAY3I L

ALY AADDY S0 STIAOW 1105
:IO>NYWAOI FId TIVAIAD

VO N NQILYAYEYIA ITIWYS

'eaN'y APL B0 01 AN2L UM :Svid EREL LSS
Wy 59 IOVAD ININVSWYADE > 3TIS AT4NYVS
“JIAWNS 40 ALIIVNDY

™ (3
AR ¢INA SV ZgpL IhL ‘S3IINLAIVA VS
\,mtmwowzﬁa{u.ru wmo._w o) " SLoS INL
SMOTWN PP L IANN) BHL O ALSSAVS IAL
NAWIY AOYAd0NS 3RL 9N0IY HNIROL 3INL
MNI99YNEA FQ QNN FEAL BANNY APy o)
DIOSS2Yd 2L Y MISING  pY ABONAONT
B 38 MY SIAL ‘107S N3Jo Ayl oM
2
.r

w

F1IUAYVA NS '™NBIAO AQ
, 0% WBRL SNV 2107S
931 1y L1000 29108 OL L\ S3asow0 390l
AN ANL NI LY 00 ALY DY SL1 Y NNo Y
SAYNE I IV QPLI?IS SV FEPL ATJLN0
ZPL SAYNL DVABINILINI OONALNIVNGD
oMl =40 SLSISMNOD 3Ddhy¥C 2L

T0N "LS3 . U9M 1S3 T

A4S ALIDINARIS N ¥IMOd

1SOILSINILIVEYHD IVMOILYE340

T HONINBJIP 30 3A2'8.. A1 Q3MNMwWE3IL34

S F2YS AMIL DV (INISSII0¥d TAWYS

T I T DTI0SIYY I

OL UBASKNYIL 304 M10os IRL SAWIAININ

€108 DPL N23Jo. 0L $ICA WONIA RI00APHL

ageL 3ML YNNISS¥4  TRA0L ANL ™ 9 NVIa3Y
AR ATWYOINYHIIW (LA SNV L 3TdWYS

TOVEIANS ANL ol
QAWALONA AWIWIS A0 ANVVDILSITIVE
32 YD YNl LNIWA0Id3d

SINTWIHINDIA  HNILAOLLNS

TPl @mLLENS DARVINVISNL:31LIL  3AILIMIS 3

yo!

e Ld43INO) 9INITdWVS




(A%

1/¢ ‘31¥ad
99/ %/ Wivd 3INTAISIY

Q3ANVY4EX3 SMMae

Sy
ONIZIYPSS DN ——m

TV LNIWNOJIANG
7Y $TIAON NNAYIL

~A™0F A0S LR -\Y STIAON 0S
ST IdNYWE04YI4 11V AIN0

Q3ALVANN0D
AY%dNYS

IANON NOILVAVE 734 3ITIWYS
3NN :SVID 3TNV S
NS SIS 3TINRYS

T3AVAY m.Jm;Zw
:JVTAWNYS 40 ALIIVNAD

T N3O
SITINS WYY

CSTTIDMONNYTD ANL

™ MeS INIGEY YL TSANTTI0O el SMO7N3%
A¥L SMOIY  IDINSSIVS YL QN SNITINA
"ACABANGD SSRIANZ WO YWUAS ¥ HA0I
0L QRALDINNLD 2% NN SLiNg ANGILIONW
SO INL ALY PSS DAL 4B T
LY 4a3anN3dae NY 2O¥432A08 3L 80N
. 23&&9 CTIE NYY STIIEINSINTTD .-d.ﬂmﬂ.u,!.m&.r C
MM VLAWY a0 nwwmuu 2L 0L

S
A3IMYLLY 3AY_ SINIA TIUSNYTD Y InNNY
A L$T - M Isd T
IdNIS  ALDIGRIS TIN ¥IMOL

SSULSI¥ILIVEVHED TVNOILYH 3O

dajoidag
AWV

N THITFHSWY D, 2o SNUSNINWIG
A8 Q3aLiv 3215 INISSII0Ed  ITdWYS

INDINNNI DN LUOASNVY L 3ITdNYS

: ‘139
2ACAINNGD VO IILSITIVE (LNIWA01dIa
SINIWIMINDIW DNILAOLANS

R ELELEE R ‘
QALYALDN SMOT13d _:31LlL  3AILdiMIs3d

:HOL3ANS

Q Ol

°¢ L43IINO) 9INITdWVS




£e-4d

£

2042

awap Jp¥d 9

a211aN9vVW

531700 35034 wE\/
N

M
Y,

Nan3Ts
NoIBTID 75 Y2

et
e

B R
Lt 5ty o

LNV

G AT ik s e iy e e TR

NG

HOL3XNS

29/52/7 “2LVC
Wivl 3I;NIAAISIY

TN INTWNCAIANT

STIAOWN NINYYI L

STIAOW  10S
CAIONYWHOIYId TIVAIAD

NOLIYAYY D34 IT4WYS

QRAVANZIMN0 D PP ALY U ILD2NDYW SVIQ FTId WV S

S 3AYEY 34NNS MVMNMEG S TS 3TARNS
SATVAWYS 40 ALVIYND

WONBH AL 0L BLOKD WIMTDE ¥ ok LD
ANOANS BHL NOS  dI4AWYLND AW ANy
NDINITTI NOILOIDNT0D WAL L30s WL
ATYJIDY 0L QA3ANIBNIYNIQ QN 3H SNNOla
AL ANY ‘.09 Qq3LVYL0Y SI QOIS ANy

L N2R 9N IANNE AL AAWYS apl dWNd oL
(N3N373 GALDBIT00 3AL N3IIML I ABAOVANI
ST Mes WNNoILIOWY 7M0Ad 0L S3ENILN0D

1l SY 'NOS 9MABINQY v SiaAN3T

NOA L30S 3HL 40 SUIA L\ 2IVaWrS apnl
YNOIY S0y aN32R AINL W« u.Aqu A_ogq.w
VoPuW?uV‘ZOMP...VUJm —V_‘ Mo Y JO0 LNOA
NT@DALTIVLSIA TAY  SNOAQRNVALAL 2%

ABIYAS  SLNZINANE NO0ILDATI0D ™oAY LA0S
0N 'LS3 JJ9M 1S3
PAINZAQAGW A LDIENIS HIMO

SOLSINILIVAVHD  IYNOI LY 340

9ONISSII0dd INAWYS

FQ'S A3d SAHIM 90' Lp08Y LNIN33
[ho2=2m00 Nodl Ld0s MIYM  LNEWavyLN3
A8 AT OANNYNIZW 1HO4SNYY L ITAWYS

LINNS A0 ooy LYoks INIWACIL3IQ
SINTWIHNINDIAH DNILAOALAS

AIVANYS  DWLIAMIYW 131IL IAILLIEIS TG

qa\

l¢ LAIINOD O9NITdWVS




ve-8
99/3/¢ - 21¥d
7%/ wWilvd 3IINIAIITY

TV INSWNOJIANT
¢13Q e W $TIAON NNAAUIL

£1DA0W Y STIGOW 1105
:3HONYWHO04 B34 TIVAINO

:NOILYAVYE 934 3TdWYS
SWId 31dNVS

20YHY 314WNS SWYAD 1ILIS ITIRYS
:37dWNYS 40 ALIINAD

©SQLHOHYANI0D

INOTAS Y Ol AOAINNGD  2PL I
lpe "os oHL  sMoag 13T ALD0I3AN ¥V
¥ VA Q¥DM B3I SHNIAL  D1LYWp3INd
IPL SAMDYIA L1 NLO0 SINSNIB NIAML3IE
Ao @IIYD DAV SN0 LA L3N
BP] LY SL23A7102 TMeS SY'LIN . 3wl
SIOATANGD 2HL  SAVYMOL MNOS  INIAABY D
DHVLSINS. DAL ON0TY 10\&&93 2RL 704
m AMBE NYLSAYD Y ITMLIVALLYY T RNI (S
ML NO ACAINN0T PSOVI  BAM  ANT _NIHAS Y
- $40c SIHL PEONITOS FRL WO SIS
QN3 AL TILN¢G. Q3LyloRd st 1V _3ell
NQN3LXR 32L4Y

NYLSdYD 3NA0
20 p3PNOD aL

\

WANMNID INIdEISATIAL 3L 2
T oATLSY T Cc19M 1S3 T

AL WIS ‘ WIMOd
COILSINILIVEYHD TYNOILYE 340

_ J9A3AN0D
Weald  FURYS 2L NULYAYSTS ULIWING
k9 AI1TYL ORNT F0ATATNOD  pSeAN 40
NOIL2Y A8 . ALENa INISS3ID0Ud TAWYS

NLVNA3ING
SO TWYDINVHOIN LA SNVIL ITdINVS

1333 01-S
918005 A72L INIWA0143a

NN A - el
SINTWININDOIY DNILAOSLNS

 YOAIANGY CHSOSS 3N i3I IALLIWISIA

2 LAIINO) 9INITdWVS

(A2L3ANS

90l

-




APPENDIX C

PRELIMINARY DESIGNS

This appendix contains the eight general concepts which were selected for
more detailed preliminary design effort to develop the mechanization of
the design. These drawings served as the basis for a more detailed second
order evaluation from which the most promising of four concepts were
selected for further design development. These four concepts are
identified as follows:

5D Rotary Scoop PD25167

7A Rotating Wire Brush PD25174 and PD25199
8B2 Conical Abrasive Sieve PD25166

8C Spherical Abrading Head PD25173

The telescoping boom (PD33918) was selected as the deployment mechanism
for concepts 7A and 8C. The furlable boom was felt to involve too much
development.

It quickly became apparent that the schedule was so short that the
development of all these concepts could not be carried on simultaneously.
Another evaluation then reduced the soil sampler development to one
vertically deployed sampler as typified by concept 8B2, the conical
abrasive sieve, and one horizontally deployed sampler as typified by
concept 7A, the rotating wire brush mounted on the end of the telescoping
boom,
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